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THE SEWING MACHINE... 
a recurring feature of the British domestic scene. 


Body and base plate pressure die cast And like countless other worthwhile products 
complete as one unit in aluminium alloy 


don Untvemnet Gerntne Hiebeastae it embodies castings made by Birmal. 


Dependable Birmal! As necessary in their way 

as stitches in a well made garment, 

and as seldom in the public eye. 

For more than 50 years Birmal skill has set the pattern 
for so many first class castings... 

in sewing machines and motor cars, 

in nuclear engineering and aeroplanes. 

And for many years to come, 

Birmal will continue to be relied on 


wherever the quality of castings counts. 


< a | A MAL - Birmingham Aluminium Casting (1903) Co. Ltd 


BIRMID WORKS SMETHWICK 40 STAFFS 
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cast im steel 





for greater rigidity 











Dragline Bucket Arches have previously been fabricated but 
increase in capacity made essential the most rigid form of arch 
and tubular section of a shape to give the greatest rigidity and 
strength could be produced economically only in the foundry. 
Casting in steel has put metal where needed yet has eliminated 
useless dead weight, whilst freedom of design on parts such 
as the shape and contoured lips has improved efficiency. 


Call in a steel foundry engineer at the design stage and ensure 
that your components are produced in the most economical 
manner by taking advantage of steel foundry know-how. 








THE BRITISH STEELFOUNDERS ASSOCIATION 
Broomgrove Lodge, Broomgrove Rd., Sheffield 
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SAVE TIME AND MONEY WITH.... 


AUTOMATIC POLISHING 


Automatic Polishing Machines reduce costs and consistently 2 
produce a high standard of finish with a high rate of production. bi 
In addition to a wide range of indexing and continuous rotary 


machines, straight line return type conveyor and semi-automatic 
units are manufactured to meet specific requirements. 
Further particulars from 


(@CANNING=) BIRMINGHAM - ‘o"°°" , snerrieto 
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Rolls-Royce 


Model ‘‘OS36/12’’ Precision 
Surface Grinders are chosen 
to assist in the production of 
Jet Engines. 














' 
; 


FARR d SNOW & CO.LTD Machine Tool Makers 


\ SNOW j ‘ Stanley Street, Sheffield, 3. Telephone 22272. 
“ring yy, yi DRUMMOND-ASQUITH LTD. World wide Distributors 


ae et ) KING EDWARD HOUSE, NEW STREET, BIRMINGHAM. Telephone Midland 3431. Also at LONDON, Telephone Trafalgar 7224 
o and GLASGOW, Telephone Central 0972, EXPORT DIVISION: HALIFAX HOUSE, STRAND, W.C.2. Telephone Trafalgar 7224. 
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RN, MASON & EDWARDS LTD 


M 24, ENGLAND Telephone; ASHfield 1671 
ERNON PLACE, SOUTHAMPTON ROW, W.C.I. Tel; HOLborn 1324 
e: 2, ST. JOHN STREET, DEANSGATE 3. Tel: BLAckfriars 5860 
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Continuous milling cuts floor-to-floor time 


Milling flange faces of petrol pump bodies at the Dunstable works of AC-Delco Ltd. 
Material —die cast alloy, number on table—12. Time allowance —3 secs. 


Production milling time on many different components floor-to-floor times. No time is lost in traversing or loading 
can be cut considerably with this versatile Model 2VR and unloading. The 2VR is milling all the time. 


continuous vertical miller, with first-class finish and with- Write for a new leaflet showing how we have approached 
out strain on the operator. many typical cases. Let us see if we can do any of your 


Continuous milling cuts the unproductive waste out of jobs faster and better by continuous milling. 


ADCOCK & SHIPLEY LTD 


P.O. Box 22. Ash Street, Leicester. Telephone : Leicester 24154/5/6. Telegrams & Cables : Adcock Leicester 
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is your pet a hardened type ?P 





Do you hate to see your pet product as a horrid, scaly 
object, with soft spots and a distorted shape ? 

Then you should think seriously of preventive treatment by 
Birlec furnace equipment. 


This prescribes any one of many kinds of hardening and 
tempering furnaces to condition your product perfectly— 
whether it be fish hooks by the million or space rockets 
for the millenium. 


There are box, pit, elevator, pusher, roller, belt, shaker 
and some other rather special types of Birlec hardening 
furnaces, electrically heated or gas fired, with strictly 
non-scaling and non-decarburising atmosphere-control 
equipment and alternative quenching arrangements. 


Ask your pet typist to write to us for more information. 


furnaces for every heat treatment 


AEI-Birlec Limited 


Tyburn Road, Erdington, Birmingham 24 
Telephone: East 1544 Telex No: 334717 


LONDON - 





SHEFFIELD - 





NEWCASTLE-ON-TYNE - 





GLASGOW 





* CARDIFF 
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for wheelforming under optical 
control without template 
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The unit is permanently attached 
to the head of the machine. One 
radial and two tangential straight 
line motions can be carried out 
in one setting. Additional wheel 
dressings are undertaken by oper- 
ating the micrometer controlled 
cross slides, thus permitting the 
dressing of intricate profile com- 
binations along the periphery of the 


wheel. The microscope facilitates 
for prodt 


quick and accurate diamond Be 
settings and the checking of the i dis 

jates | 
grinding wheel after dressing. ‘on 


Commercial diamonds can _ be 
employed since the radial dress- 
ing motion is viewed against 
a graticule. 








Patent Pending on No. 36115/58 





FOR GOOD FORM CHOOSE THE... 
P.G. OPTIDRESS 





MILL GREEN ROAD - MITCHAM - SURREY Phone: MITCHAM 3014 


(3 PRECISION GRINDING LTD 





FOIL PRESSES 
for production of 
aluminium foil 
products such as 
pie dishes, cake 
plates and T.V. 
dinner trays. 


DEEP THROAT 
PRESSES 

... for high speed 
punching, cutting 
and forming on 
large, wide sheets. 


INCLINABLE PRESSES 
...in bench, single 
or double crank 
design. With air 
friction or 
mechanical clutches 
and whatever you 
need in cushions 
and feeds. 


HYDRAULIC 
EXTRUSION PRESSES 
-.- for cold 
extrusion of steel... 
in capacities ranging 
from 300 tons to 
1000 tons. 


STRIP FEED PRESSES 
.-- for high speed 
production of can 
ends and similar 
stampings up to 

600 per minute. 


STRAIGHT SIDE 
PRESSES 

-.. eccentric and 
crankshaft models 
++. any size... 
modern enclosed 
design, with 
whatever 
automatic 
features you want. 


Bliss makes more types and sizes of 

presses than any other builder. No matter 
how big or complex your next metal 
stamping job may be, do not hesitate to call 
on the technical advice of Bliss. 


HYDRO-DYNAMIC 
PRESSES 

... Single action or 
double open rod 
construction or 
closed, 50 tons 
capacity to 3,000 or 
even more, standard 
design or special 
high speed models, 
electronic controls. 


HIGH PRODUCTION 
PRESSES 

. +. specially 
designed for 
continuous high 
speed automatic 
operation. Up to 
1000 spm. Available 
in a variety of sizes 
.+. and precision 
feeds. 


BLISS IS MORE THAN A NAME — IT’S A GUARANTEE 


E. W. BLISS (ENGLAND) LTD 
CITY ROAD - DERBY 


Telephone: Derby 45801 (4 lines) 


London Office: 


2/3 The Sanctuary, Westminster, S.W.1. 


Tel, ABBey 3651/2 
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CAMSHAFT CONTOUR = Gaye 

GRINDING MACHINE \ ata 

DH 5x40 - a 
Specially designed for rapid, accurate ott ane : 
camshaft, contour grinding. 
Automatic cycle includes wheel dres- 
sing after each camshaft ground. Avail- 
able with 26”, 30” and 40” work cradle 
capacity. 
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CRANK PIN GRINDING MACHINE 

DH 16x32 and 42 
For automobile, diesel and petrol 
engines also railway and marine work. 
Full automatic grinding cycle available. 
Incorporating MICROFEED with dependa- y 
ble full 90° angle profile wheel dressing. ) 


Precision Grinding Machines 
by LANDIS LUND ... 


MULTIPLE WHEEL 


GRINDING MACHINE 

IWR 10 x 20 and 14 x 30 
Equipped to grind multiple 
diameters on one set-up. A fully 
automatic grinding cycle can be 
provided, incorporating ‘Microfeed’, 


DOUBLE SPINDLE DISC GRINDER 
2H30 GARDNER 


Carries up to 30” abrasive discs. 
Available with 20, 25 or 30 HP 
motors. Can be provided with 
through feed automatically or manu- 
ally loaded, or rotary work carrier 
also automatically or manually 
loaded. Automatic gauging and wheel 
dressing available. 





AMERICAN DESIGN 
BRITISH BUILT 


LANDIS LUND LIMITED 


CROSSHILLS—KEIGHLEY ~YORKSHIRE 
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: INCREASED 


PRODUCTIVITY iit 


WITH GREATER 


_ PRECISION 


. 


The B.T.G. 3” Swift Feeder is a hydraulically 

operated power press feeding device, capable of 

running consistently at high speeds with extreme accuracy 

of pitch. It is readily mounted on the crankshaft of the vast majority 

of power presses and used in conjunction with the Swift Feeder Coil Holder 

(which is adjustable for tool height and coil size) enables the press table to be 
kept clear of any obstruction. 

The extreme simplicity of adjustment for pitch progression and material 
thickness makes the Swift Feeder ideally suited for both short and long production 
runs. Adjustment for width of material is rendered unnecessary by the open-sided 
gripper design. 

THERE IS NO FASTER OR MORE CONSISTENTLY ACCURATE PRESS FEED THAN THE 


> 
a0 
40e ww 


| WIET-fEEDER 
Swift Feeders employed in 


production in our Associate 


Company may be seen at BIRMINGHAM TOOL & GAUGE CO. LTD., BIRMINGHAM 19 
any time by appointment. and 26 HOLBORN VIADUCT, LONDON, E.C.1. 
A Member of the DENBRO Group 
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FORD DIFFERENTIAL GEAR 


MAGHINED IN 24 SECONDS 
aaa WITH AUTOMATIC LOADING 


! 
} The photograph shows the automatic loader fitted to a 


No. 6 Ryder Verticalauto supplied to The Ford Motor 
Company Limited. It is used in the production of differ- 
ential gears, which are finish-bored, turned and faced at 
the rate of one component in 24 seconds. The magazine 
carries enough components for a forty-minute run. 
Automatic loading can be fitted to all sizes of Ryder 
Verticalautos. 

















VERTICALAUTO 


Thos. Ryder & Son, Limited, Turner Bridge Works, Bolton, England 
Makers also of single spindle Rydermatics and Piston Ring Lathes 








Precision lLathes.... 





Numerous combinations can be obtained 


the S M A R T & B R OWN with standard attachments. 


Direct motor and countershaft drives 
can be furnished. 
EPICYCLIC GEARBOX 


is now available, giving a wider 


SERIES LATHES 





range of spindle speeds. 





ONE OF BRITAIN’S FINE LATHES — Designed for the operator 


Smart & Brown 


25 MANCHESTER SQUARE - LONDON .- W.I 








.|from Smart & Brown 





The Pultra Capstan Lathe illustrated 
is available in 50, 70 and 90mm. 


centre heights and can also be supplied 
as Toolroom, General Purpose and 
Production models. 

Lathes can be equipped to your 
requirements from the standard units. 


(machine tools) Ltd. 


Telephone WELbeck 7941-5 Cables Smartool, Wesdo, London. 
MAKERS OF PULTRA MICRO LATHES AND GRINDING MACHINES 
Member of the GAS PURIFICATION AND CHEMICAL GROUP OF COMPANIES 
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TERRYS 
CIRCLIPS 
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TERRYS 
BELLEVILLE WASHER 


4” - ” diameter, 


available from stock. 


May we send 
you samples? 


for maximum reliability 


Specially designed by Britain’s 
leading spring experts for long 

life and hard wear, Terrys Belleville 
Washers have proved their great 
reliability in the most rigorous 
applications in press tool work. 


Sizes from .718” to 1.375’. 
We shall be pleased to send you 
a deflection chart on request. 


HERBERT TERRY & SONS LIMITED, REDDITCH ENGLAND, 








* AUTOMATE PRODUCTION 

ESTABLISH ACCURATE SIZE CONTROL 
2 INCREASE OUTPUT RATES 

2% IMPROVE PRODUCT FINISH 


3 ELIMINATE SCRAP 
’ 


a ” 
ETAMIC 


pneumatic machine 
control equipment 


A high pressure, self cleansing system embodying the true pneumatic Wheatstone 
Bridge principle with no mechanical or electronic amplifying devices, no pressure gauges or 
regulators, OMT-ETAMIC equipment automatically controls machines through 


permanent contact with products. 


TWO SYSTEMS AVAILABLE 


(A) For visual size indication during machining processes. 


(B) For completely automatic control of component size and machine operating cycle. 


Moderately priced OMT-ETAMIC control systems are applicable to 
all types of grinding machines, lathes, transfer machines, 


cold rolling mills, extruding machines, etc 


MANUFACTURED BY 
OPTICAL MEASURING TOOLS LTD MAIDENHEAD 
SALES ORGANISATION 


NEWALL GROUP SALES LIMITED 


PETERBOROUGH PHONE 3227 MAIDENHEAD 3704 
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HIGH PRODUCTION 
~ « LATHES 


‘Crowthorn’ 8: Centre’ Turn- 
Pb iNe Mm sfoyobite mE-bileM a-basbuletroyed 
Lathe (below) 


Used extensively for machin- 
Shale mumea ta bball =) ams bbals)ammmmarb cabbalem 
Jokes ahalem-batomol-bantelenroysmicseqe)sls 


i ae. Extra equipment ‘ : bate malesetsicsaqelel-mel-bar-balomiblel=m 

ov paaad support bar, lighting fitting, ”. IW) Cole bh alor-teloyelcmmor-valen ol-mmm aat-lol= 

mipment. The turret faces can be to suit customers’ individual 

requirements. Larger 10 

: _¢€ Centre model 

ip ating. — z- — ' also available. 
nS; Combination _ : 4 % 

urret Lathe is 


ard equipment including 
st. hexagon turret, auto- 








CROWTHORN ENGINEERING COMPANY LIMITED 
Makers of High Class Machine Tools for over half a century 


REDDISH ° STOCKPORT : ENGLAND 
Phone : STOCKPORT 7271-2-3 Grams: CROWTOOL, REDDISH 


CL. 115 
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cutter 50° 
machine 
machine 


BEMAG CO-ORDINATE BORING & MILLING MACHINE 


s machining time by 60% 


ring 
we 
24h 


The BEMAG Co-ordinate Boring & Milling Machine for JIGLESS 
production represents a revolutionary approach to single, batch 
and mass production boring. 


MANUAL PRESELECTION OR 
AUTOMATIC PROGRAMMING OF 
CO-ORDINATES 


SIMPLE PUNCHED CARD 
PROGRAMMING SYSTEM 
— NO ELECTRONICS 


BRIDGE TYPE COLUMN AND 
REMOVABLE TABLE FACILITATE 
MACHINING LARGE WORK- 
PIECES 


Sole Agents for U.K. 


ROCKWELL 


or Took ce 


ALSO AT BIRMINGHAM—TEL: SPRINGFIELD 1134/5 - STOCKPORT—TEL: STOCKPORT 5241 - GLASGOW—TEL: MERRYLEE 2822 


~ 


at Deritend Engineering Co. Ltd. Birmingham 


ALL SLIDES AUTOMATICALLY 
CLAMPED 


POWERED DRAW BAR FOR 
RAPID TOOL CHANGING 


MAXIMUM DISTANCE SPINDLE 
TO BASE 48” 


LONGITUDINAL SPINDLE 
MOVEMENT 50’, CROSS 30” 


For further particulars write or telephone TODAY 


WELSH HARP, EDGWARE RD., LONDON, N.W.2, 
TEL: GLADSTONE 0033 
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HOW THE METAL BOX COMPANY 
TRANSPORT 
155,000 CANS 
AT ONE TIME 



















With a tremendous output of cans of all 
sizes, The Metal Box Company need rapid 
clearance from the production line. 

Using these R.O. wire mesh pallets they 
can have as many as 6,490 cans per pallet 
on the move. For road transportation to 
customer they have a specially designed 
trailer, accommodating 24 loaded pallets. 
With this method it is possible to transport 
155,760 cans at one time. 








SPECIFICATION: Pallets of wire mesh box design. 
All-steel welded construction with wire mesh 
base and sides. Removable ends. Fitted with 
special stacking locators. Can be stacked 4 high. 


SIZE: 434” x 484" x 45}” internal. 5 cwt. unit load. 
4 


CONSULT RUBERY OWEN 
ON YOUR HANDLING PROBLEM 





RUBERY OWEN & CO LTD - INDUSTRIAL STORAGE EQUIPMENT DIVISION 
WHITEGATE FACTORY > WREXHAM: N. WALES - TELEPHONE: WREXHAM 3566/8 


Member of the Owen Organisation 
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| 
ud 


Sis iss eli: sss i 


ION 
566/8 





The Production Engineer 


Dunlop choose Regent lubricants 
for these gears! 





Fifty years of research and improvement have gone into 
the development of Regent Gear Lubricants—a half 
century of experience which has produced gear lubri- 
cants tailored to meet the most exacting industrial 
needs. That is why so many modern companies, like 
Dunlop, use Regent Gear Lubricants in one or all of 
these forms: 

CRATER ... a powerful many-purpose lubricant without 
equal for heavy duty and exposed applications. All grades have 
excellent adhesive qualities. Compounded blends are available 
for operations under wet conditions—even under water. Also 
available are Crater Fluids permitting easy initial application 
but retaining their powers of adherence. 

MEROPA... lead base lubricant for high tooth pressures, 
has built-in protection against wear under continuous heavy 
duty and shock loading. Meropa is guaranteed non-corrosive 
in conditions of mild humidity and moisture. There is a full 
range of viscosities to meet all conditions. 

THUBAN ... a first-quality, straight mineral gear lubricant, 
for maximum protection of rubbing surfaces under normal, 
and up to heavy duty loading, conditions. 


A21 














(Above) Regent Sales Engineers in the Dunlop factory, Birmingham. 

(Inset) The 600 HP Double Reduction Speed Reducer in this picture at the Dunlop 
factory in Birmingham is driving a Mixer. Dunlop have found Regent Oil ideal for 
the efficient lubrication of these gears. 

For further information and advice on gear lubrication send off the coupon below 





Regent Oil Company Limited, 117 Park Street, London, W.1 
[] I would like a Regent representative to call. 


] I would like a copy of the Gearing Lubrication Leaflet. 
(Tick whichever applicable) 


res _—— 
COMPANY ADDRESS _ 














POSITION IN COMPANY snl 
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the ultimate in IVG GRINDING 


MOORE-CATMUR 


No. 2 PRECISION 
Mi lemej.d1) [2] 12: 


rel male lam ela-reit-jrels 
Vale Ma-leollom-jieles. 4 


removal. 


The dust protective aprons have been 


removed for the actual photograph. 


MACHINE TOOL CORPORATION LIMITED 








103 Lancaster Road, Ladbroke Grove, London, W.I1. ‘Phone PARk 9451/2 


RP 2631 
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There are, in fact, a number of interesting talking points 
about the Sykes 3}” gear and lubricant testing machine. 
Its ancestor was a machine designed by Prof. H. Blok of 
Delft Laboratories about twenty-five year ago. Although 
the capacity of the original was eventually outgrown, its 
principles were still good, and a larger model followed. 
Early in the war, the Ministry of Aircraft Production 
needed similar machines—redesigned and built by Sykes 
in co-operation with the Institute of Automobile Engineer- 
ing. Since then these machines have been doing important 
work for Government establishments, Research Institutes 
and Oil Companies in various parts of the world. 

Later, from the fund of knowledge gained, and to meet 
the need for changed applications, Sykes produced a new 


There’s talk of Sykes 


in the refineries... 






and improved version which is widely used for such work 
as lubricant rating, checking gear performance with various 
types of steel, different profiles and variations of specific 
sliding ; and for the testing of chemical treatments and 
metallic plating. 

The test gears are expendable, being used once on each 
flank and then scrapped or reground. They are hardened 
to a very precise degree, with stringent limits laid down 
for grinding of tooth form. Special gears can be designed 
and supplied to meet individual requirements. 

The very wide knowledge gained by Sykes through 
many years of practical working in this field are at the 
service of research and industry. 


PF, 


Talk to SYKES about gear production 


Ce 


W. E, SYKES LTD * STAINES * MIDDLESEX * ENGLAND and associated companies: Sykes Tool Corporation Ltd, Georgetown, Ontario, Canada 
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CINCINNATI 


1-18 PLAIN AUTOMATIC 
MILLING MACHINE 


Full Automatic table cycles. 
Automatic backlash eliminator to 
table. ; 
Automatic spindle stop. 
Dynapoise (vibration damping) 
overarm. of 


Table size 10” x 354” 
Speed range — 50 - 1500 r.p.m. 
Feed range — 4” - 24’/Min. 
Drive motor —3 hp. (5 hp. 
available on demand). 


Write now for full specification 
Catalogue No. M-1555E 


Agents: Chas. Churchill & Co. Ltd. — Birmingham, 
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London, Manchester, Glasgow & Newcastle. 





CINCINNATI MILLIN(‘ 
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'FOR BOTH SMALL AND LARGE 
QUANTITY PRODUCTION 


Operation 1 


Mill step. 
Set-up ... 16 mins. 
Milling 
(24 pieces) 39 mins. 








Total 55 mins. 
—simple tooling using 


astandard machine vice 


Operation 2 


Mill 5° angle. 

Set-up ... 4 mins. 
Milling 

(24 pieces) 39 mins. 


for a typical short-run 


job in cold rolled mild 





steel in our own works. Total 43 mins. 


Operation 3 


Mill chamfer. 

Set-up ... 9 mins. 
Milling 

(24 pieces) 27 mins. 








Total 36 mins. 





Continuous — | 
Production | fe CINCINNATI . Operation | 


Mill three slots in | 













automobile transmission 
rings. 
Production 300 per hour. 


—two automatic indexing 
fixtures with automatic 


clamping and unclamping. 





((ACHINES LTD. aumncuam x: 








EDGAR ALLEN HAVE PRODUCED A 
COMPREHENSIVE BOOKLET ON STAG 
ALLENITE TUNGSTEN CARBIDE TIPPED 
TOOLS AND TIPS. 


PLEASE WRITE FOR A COPY... 
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EDGAR ALLEN & CO. LIMITED 


IMPERIAL STEEL WORKS =: 


SHEFFIELD 9 


To EDGAR ALLEN & CO. LIMITED, SHEFFIELD 9. 
Please send ‘ Booklet’ to: 

NAME 

POSITION 

FIRM 

ADDRESS 
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This divider 
gearbox is used on a 
snowplough. It has a single input 
shaft which transfers the drive to 
two output shafts through a gear 
train which gives high and low 

ratios with manual selection. 


Used in 3 versions on 
“ Michigan” Tractor 
Shovels, this box has 
proved completely trouble- 
free under the most 
arduous conditions. 

It has 4 forward and 

4 reverse gears with 
manual high-low 
range selection. 2 or 
4-wheel drive. 
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CENTRAX 









Saan 





With acknowledgements to All Wheel 


Drive Ltd., Camberley, Surrey. 


—MANUFACTU 


PRECISION GEARING 














ACCURACY 


AND 
QUALITY 

ON A 
PRODUCTI 
BASIS 














CENTRAX LIM 


RERS OF 





«++ produced to your own specification, 


or designed by us to your require- 





ments. Industries served include Auto- 
motive, Aircraft, Nuclear, Automation, 
Machine Earth Moving and 


General Engineering. 


Tools, 


ON 








For use on an industrial gas turbine 
engine, this epicyclic gearbox reduces 
from 26,000 r.p.m. to an output speed 
of 3,000 r.p.m. in one step. There are 
nine auxiliary drives and a starter drive. 














ITED, Newton Abbot, Devon 








Sales Office : 248-250 Tottenham Court Road, London, W.1. LANgham 2364/5 
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No need for additional 
machines and extra floor space 








DIMENSION 
INDICATORS 








* Reduce stoppages 
for measurement 
after each cut. 


* Increase machine 
utilisation and 
output. 


* Reduce setting 
errors. 





* Direct readings of workpiece 
dimensions give greater speed and é 
accuracy. 





Full technical details on request 


English Numbering Machines Ltd. 


Dept. 3K - QUEENSWAY - ENFIELD - MIDDX - HOWard 2611 (5 lines) - Grams: Numgravco, Enfield 
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Designed 
to use 


Araldite 


In the heavy electrical field, new equipment is being produced 
in which the designs are based on the use of Araldite epoxy 
resins. Insulated components of the Class-SA air-break switch- 
gear made by A. Reyrolle & Co. Ltd. were designed for cast- 
ing in Araldite. They are indicated by shading in the diagram 
and they include busbar insulation, cranked plug insulator, 
main orifice and voltage transformer orifice insulators and the 
voltage transformer itself. This design enables full advantage 
to be taken of the properties of Araldite resins which allow the 
casting of complicated shapes in order to provide compact 
structures with consequent savings of space and cost. Araldite 
is tough, shock-resistant and possesses excellent mechanical 
and electrical properties. As shrinkage on setting is negligible, 
dimensional accuracy can be maintained within very close 
limits. Remarkable adhesion to metals makes Araldite 
particularly suitable for composite structures. 














\D 





Insulated components of 11,000V Class-SA 
500 MVA air-break switchgear by 
A. Reyrolle & Co. Ltd., cast in Araldite. 


aveltesive 





EPOXY RESINS 


Araldite is a registered trade name 





CIBA (A.R.L.) LIMITED 


Duxford, Cambridge. Telephone: Sawston 2121 
APs41 
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TRIUMPHS OF SHELL RESEARCH 


ith new Shell Dromus Oils 


‘Most modern soluble cutting oils contain phenolic 
compounds used as coupling agents between the 
‘oil and the emulsifier, for better blending and 
easier mixing. These phenolic compounds can 
‘cause skin irritation, especially where modern 
high-speed machines are used and the emulsion 
can concentrate, through the evaporation of water, 
above the safety level. 

Shell research chemists have been working on 
is problem, which has been causing some con- 
cern to Management. After considerable research, 


alcoholcomplex. Thissolved one problem, but pres- 
ented another. The new coupling agent was volatile 
at the high temperatures normally used in blending 
processes. Further research found a solution to this 
problem by designing and installing new plant. 
The new Dromus Oils are every bit as efficient as 
before and cost no more. They put Management 
in the welcome position of being able to minimise 
working hazards at noextracost. And machine men 
need no longer be so worried about skin troubles. 
The moral of the story is that Shell research is 





Shell Dromus Oils have been reformulated and 

these new cutting oils now produce bland emul- 

Sions, which considerably reduce the risk of skin 
ouble to operators. 

_ Thereal difficulty wasto finda newcouplingagent 

to replace the phenoliccompounds, and Shell finally 
ed what their chemists know as a higher fatty 


supremely applicational. The centre at Thornton 
is always ready to work with even the most 
specialised sectors of industry to produce the 
right oil for the job. If you and your organisation 
have any major lubricating problems, it pays to 
get in touch with your local supplier of Shell 
Industrial Lubricants. 





The Research Story 


Shell chemists in the U.K., in Holland and in the U.S.A., prepared 
and examined hundreds of experimental soluble oils, and established 
that certain combinations of fatty alcohols could be used in place of 
phenolic compounds with no loss of efficiency. They set to work to 
discover the best combination and developed a higher fatty alcohol 
complex which fitted exactly. Then they realised that to blend this new 
coupling agent into soluble oils would require special plant and new 
blending techniques. 

Exhaustive testing of blend stability, emulsion stability, anti- 
corrosion and machining properties led to selection of the most 
promising blends. A pilot plant was set up to produce batches of 
these for use in field trials. 

This field testing and final development proceeded for two years 
whilst production plants were erected at points so chosen as to give the 
most economical and rapid delivery throughout the United Kingdom. 





This is the blending kettle. The 
reflux condenser beside the stirrer 
motor prevents the loss of con- 
stituents volatile at the blending 
temperature. 


DROMUS SOLUBLE CUTTING OILS 


another proof of Shell leadership in lubrication 





























-it pays to investigate 


roe: 








DOWDING Hobbers have been developed by gear 
specialists: their accuracy and economy are the result of 
sound basic design coupled with craftsmanship in manu- 





facture. They are to be found in leading engineering 
workshops throughout the world, earning a high repu- 
tation for their accuracy and dependability. 


MODEL V.8 
UNIVERSAL HOBBING MACHINE 


Accurate, versatile, economical. With 
built-in differential. For spurs, helicals, 
wormwheels, and worms. Tangential feed 
and cam operated plunge feed are optional 
extras. Maximum dia. 8”, 7” Face. 12 D.P. 





MODEL H.7 


HORIZONTAL HOBBING MACHINE 

Powerful and rigid. With built-in 
differential. For long splines and 
gears integral with long shafts, and 


MODEL V.4 
UNIVERSAL HOBBING MACHINE 


Accurate, rigid, and versatile. With 
built-in differential. For the smaller spurs, parallel and taper serrations. Alter- 
helicals, worm wheels, and worms used in native heavy duty or high helix angle 
light engineering and instrument work. hob heads. Maximum dia. 7”. Hob- 
Tangential feed is also available. bing length 18”. 8 D.P. 

Up to 4” Diameter, 4” face, 20 D.P. 


Ask us to send our new 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 
Tel: WESTERN 8077 (8 lines) Telex: 23182 Grams. ACCURATOOL LONDON TELEX 


illustrated Hobbing brochure PE/128 
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It takes at least 30 people — 30 pairs of skilled hands — to make 
one DORMER Drill. Every operation is performed by experienced 
operators with the most up-to-date machinery. Careful heat- 
treatment and inspection are equally essential in maintaining the 
consistently high standard of DORMER Tools. 








h correct use, a DORMER Drill of 1 in. 
eter, in its lifetime on general purpose 
will remove 2,800 times its own weight 
aterial (over 12 tons), and drill a total 








TWIST DRILLS 
THE FINEST BY ANY STANDARD 
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TELESIG Screw Pumps are positive 
displacement pumps. Simply constructed, 

they offer exceptional performance and long life. 
TELESIG pumps effect delivery by means 

of three parallel screws engaging each other, 
the power-driven central screw driving 

the two side screws. They may be run at high 
speed thereby reducing motor sizes 

and installation costs. 


| 
| 
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| 
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TELESIG Screw Pumps offer the following advantages: 


Self priming. 

Delivery free from pressure pulsation. 
High working speed — small size. 
Near-silent operation. 

Simple construction. 


Minimum maintenance and easy replacement 
of working parts. 


Long life. 


TELESIG Screw Pumps are made in three basic ranges: for low 
pressures up to 300 psi, for medium pressure up to 1000 psi and for 
high pressures up to 2,500 psi. 42 sizes are available covering a 
wide range of capacities. 


0%) Screw Pumps by Telehoist 


TELESIG pumps and equipment are made by Telehoist under licence 
from the Swiss Industrial Company (SIG). 


Telehoist Limited. Cheltenham England. Telephone: Cheltenham 53254 


an associate company of Wilmot Breeden Ltd. 
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Steel 


For many years the precise control associated with ‘VSG’ 
variable delivery hydraulic pumps and transmission gears has 
proved invaluable to the Steel Industry. 

Mill and drawbench drives, sawing and measuring tables, 
processing machines and manipulators are a few examples of the 
many applications of ‘VSG’ equipment. 

The Steel Industry is but one of many industries which ‘VSG’ 
has now been serving for over fifty years. 


SERVING MODERN INDUSTRY 


ICKERS-ARMSTRONGS (ENGINEERS) LIMITED - VICKERS HOUSE - BROADWAY + LONDON SWI 
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Someone once said ; 
‘* Money is like time — 
use it or lose it! ’’ 
That goes for us piece-workers too. 
Give us the chance to earn more 
by producing more, and we pay 


dividends. 
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Companies investing in a realistic plant 
replacement policy find their reward in 
higher consistent output, keen and contented 
workpeople, and bigger profits. 


When the machines in question are boring 
mills as popular as the Webster & Bennett, 
they are prepared to order well in advance. 
This is one of the reasons why we can seldom 
offer machines for early delivery. 


Ought you to see about a replacement order 
now ? 
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WEBSTER & BENNETT LTD., COVENTRY, ENGLAND 
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G.P.O 
use [-O-T 
computer 


TIME OF STORES PROVISIONING CUT BY TWO-THIRDS 


Without the efficiency of their stores provisioning, G.P.O. tele- 
communications could never be the extremely competent public 
service that they are today. Every one of the 30.000 items stocked 
should be available immediately throughout the vast countrywide 
network; yet, to avoid locking up too much capital, no item must 


be overstocked. 


This is one of the world’s most for- 
midable stock control jobs. With 
their advanced thinking it was 
natural that the G.P.O. should turn 
to electronics to increase their 
efficiency. They chose for immedi- 
ate use anI-C-T 1200 series computer. 
This computer has been working for 
@ year only, but it has already 
demonstrated its value as a tool for 
controlling a stockholding worth 
£48 million. 

It accurately reviews thirty 
thousand items each month; indi- 
cates unbalance, excesses and 
shortages, and consistently assists 
in maintaining the stores holding 
at the practical minimum. In fact, 
as Mr. Bevins, the Postmaster 
General, said recently: ‘This com- 
puter has allowed us to cut by 
two-thirds the time taken to obtain 
the key facts we need to keep our 
stock of 30,000 different items of 
engineering stores adequately, but 


not more than adequately, re- 
plenished.’ 


An I-C-T computer 
can help your business, too 


It can make your wires hum faster 
by directly assisting your manage- 
ment and financial accounting, 
production control, or whatever 
your particular problem may be. A 
computer is certainly a major 
investment; but the dividend it 
pays is enormous. 


INTERNATIONAL COMPUTERS 
AND TABULATORS LIMITED 


for Britain’s most widely 
used commercial computers 


149 Park Lane, London W1 
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Extruded steel sections are produced in most 
qualities of steel, including carbon and alloy steels, 
stainless steels and special alloys. 








Hundreds of different shapes have already been 
extruded, ranging from simple angles to most com- 
plex shapes. Physical properties are identical with 
similar rolled sections and extrusions can be 
supplied in random lengths of 8 ft.-30ft., with 
dimensional tolerances to suit requirements. 


Send for further details of Osborn extruded 
steel sections and take the first step to lower costs 
by reduction of machining and elimination of scrap. 
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SAMUEL OSBORN & CO, LIMITED 
CLYDE STEEL WORKS, SHEFFIELD 
STEELMAKERS - STEELFOUNDERS - ENGINEERS TOOLMAKERS 


Ws 








The Production Engineer 


il — 
: WOR LD’ Si=i=S55 


THE BUSH WITH NINE LIVES 


BRITISH AERO COMPONENTS LTD. WARWICK. 
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FEATURES 


RAPID CENTRE POSITIONING WITH 
RETRACTABLE STOP 


COMPREHENSIVE RANGE OF TOOLHOLDERS 
INTERCHANGEABLE WITH OTHER MAKES 
OF TURRET LATHES 


AVAILABLE WITH GAPBED (NOT 13” LATHE) 


AMERICAN CAM-LOCK SPINDLE NOSE 
PERMITTING CONSISTENT AND RAPID 
REMOUNTING OF CHUCKS AND FIXTURES 


AUTOMATIC TRIPS TO LONGITUDINAL 
FEED FITTED AS STANDARD 


TRIPPING CROSS FEEDS AVAILABLE 


REPRODUCED BY KIND PERMISSION OF THE 
ENGLISH ELECTRIC CO. LTD. ILLUSTRATION 
SHOWS A LINE OF SURFACING & BORING 
LATHES IN THE WORKS OF THE ENGLISH 
ELECTRIC CO. LTD. BRADFORD 


— 


MADE IN SIZES 


131036 


24” SWING SURFACING & BORING LATHE 


KEIGHLEY 


LIMITED 
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ECLIPSE 


[HIGH SPEED _STEEL| 
USE AN ECLIPSE FRAME 


HAGK SAW BLADES 


3 ‘Eclipse’ hacksaw blades and other tools are made by James Neill & Co. (Sheffield) Led. and are obtainable from all tool distributors. 
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By our standards, 


The Production Engineer 


if you can see it with the 


naked eye, it’s pretty big 


To plan and put into production parts whose 
dimensions and tolerances are quoted in micro- 
inches rather than thousandths is a challenge 
to any engineer, but when some of these parts 
are so small that one good sneeze would dis- 
perse a week’s output—then you enter a new 
world of problems. 

In manufacturing the fabulously accurate 
Inertial Quality Gyroscopes that we make in 
partnership with Minneapolis Honeywell our 
production engineers have had to come up with 
ideas that by ordinary standards seem either 


‘ENGLISH ELECTRIC’ 
INERTIAL GUIDANCE 


outrageous or nonsensical—such as soldering 
under a high vacuum to get rid of air bubbles, 
using bicarbonate of soda for ‘sand’-blasting, 
and producing a 5ft. diameter centrifugal table 
controllable to within millionths of a ‘G’. 

If anywhere else in Europe there’s a factory 
with facilities like ours, or engineers able to go 
slightly mad in a highly practical way, we 
would like to meet them. 





INSTRUMENT WING offers outstanding 
career opportunities to qualified en- 
gineers interested in the development, 
production and application of inertial 
instruments and systems. 











INSTRUMENT WING + GUIDED WEAPONS DIVISION + ENGLISH ELECTRIC AVIATION LTD - LUTON AND STEVENAGE 


a company of BRITISH AIRCRAFT CORPORATION 
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Schrader SQUARE-END AIR CYLINDERS 
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Cushioned or non-cushioned 


These new Schrader square-end double-acting cylinders will meet a wide range of applications for 


holding, positioning or moving work or, with push, pull or lifting movements obviate many tiring 


manual operations, The cylinders have a standard neck-mounting but the square-end design provides 


for a variety of interchangeable mountings including leg, front or rear plate, front or rear trunnion. 





WITH INTERCHANGEABLE 
MOUNTINGS 
Rear 


Trunnion Mounting 








Neck Mounting 


Front 
Trunnion Mounting 
Rear 
Plate Mounting 
Leg Mounting % 


Front 
Plate 








Mounting 





















Four bore sizes are available with standard piston strokes, cushioned or 
non-cushioned. The robust construction and new design features give 
safe, controlled, low-cost power for air pressures of 5 to 150 p.s.i. This 
range of Schrader Cylinders offers something really new in construction, 
performance and adaptability. Send the coupon today for full descriptive 


details and specifications. 


SQUARE-END 
AIR CYLINDERS 





To: A. SCHRADER’S SON, Air Control Products Dept. PE 
829 TYBURN ROAD, ERDINGTON, BIRMINGHAM, 24 
Please send details of Schrader Square-End Air Cylinders 


NAME tons 


ADDRESS ‘paein 

















Fit Wild-Barfield 
furnaces into 
your production line 


A Wild-Barfield furnace will bring immediate advantages. It 
speeds up production and helps to cut costs by eliminating 
delays and wasteful handling. Built to the highest standards of 
workmanship, these furnaces offer consistent results and 
minimum maintenance. The Wild-Barfield Research 
Department is available at all times to advise you on your 


heat-treatment problems. 
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Shaker Hearth Furnace 


Continuous and batch type furnaces for : 
NORMALISING 

HARDENING 

TEMPERING 

GAS CARBURISING 
CARBONITRIDING 

BRIGHT ANNEALING 


and other applications 


(id) FOR ALL HEAT-TREATMENT PURPOSES 


_ FURNACES / 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Telephone: Watford 26091 (8 lines) 
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3 foot, 10 foot, and 20 foot Length Measuring 
Machines as well as a 10 foot Universal Length 
Measuring Machine are available. 

The optical systems are so arranged that errors 
of measurement due to any errors in the slide 
guideways are compensated. 

The scales on all these instruments read to 
0.00005” which illustrates the extreme accuracy 
obtained over the overall length of the object 
to be measured. 

An Opto-mechanical indicator can also be 
supplied with these instruments. 

The Universal Length Measuring Machine has 
an added advantage of an Optical Dividing 
Head which enables pitch measurement to be 
obtained on such instruments as lead screws, 
etc., to a high degree of accuracy. 


Please write for 


details to: 


The Production Engineer 


C.Z. Scientific Instruments Ltd., 12a Golden Square, London, W.1. Tel.: GER 4488. 
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Over 5,000 tons of bright steel bars, hot rolled 
carbon steels and alloy steels are held by Macready’s 
for immediate despatch. Detailed descriptive lists and 
catalogue are available and we invite you to use our 


technical service to answer your steel problems. 


MACREADY’S METAL COMPANY LIMITED, USASPEAD CORNER, PENTONVILLE ROAD, LONDON, N.I. 
Telephone: TERminus 7060 (30 lines) Telegrams: Usaspead, London, Telex Telex No, 22788 
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Milling cutters, twist drills, reamers, taps and dies, dieheads, 
tapping attachments, screwed shank tools and chucks, thread 
rolling dies, drill chucks, drill holders and adaptors, arbors, oil 
and suds pumps, machine vices, lathe chucks, magnetic chucks 
and equipment, hacksaw blades, broaches, limit switches. 





B.S.A. NAMCO dieheads are simple in construction and easy 
to adjust. Circular chasers ensure extreme accuracy of thread 
form and long life; they can be reground through 270° of their 
circumference. The range includes types for stationary or 
revolving spindles and for Swiss type and turret automatics. 
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B.S.A high speed tapping attachments. A quick 
easy pre-setting ensures correct tap-driving 
pressure with reserve elasticity to relieve the 
tap of extreme stresses should it encounter an 
obstruction, thus preventing tap breakage. 
Three sizes utilise standard hand taps in the 
range 7” BSF to 13” W., and two versions for 
capstan and turret lathes, 7%” to 1”. 


TRADE MARK 








variety and quality 


B.S.A. SMALL TOOLS LIMITED 
BIRMINGHAM 11. ENGLAND 
Cables: MADRICUT BIRMINGHAM TELEX 33-451 


Sole Agents Gt. Brit. 


BURTON GRIFFITHS & CO. LTD. 
Montgomery Street, Sparkbrook, Birmingham 11 
Tel: VICTORIA 2351 
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Secure 
RAPID BLADE RE-SETTING 


RAPID RE-SERVICING 
REDUCED CUTTER DOWN TIME 
REDUCED CUTTER COSTS 


RAPID RE-SET EQUIPMENT 


The use of the Wickman Rapid Re-set Cutter Body 
and three blade styles available provides a simple 
variation of blade geometry. The blades can 

be removed, re-ground, checked and replaced in any 
Cutter Body size within the range — WITHOUT 
REMOVING THE CUTTER BODY FROM 

THE MACHINE, thus reducing down times and 
costs to a minimum. 





WRITE FOR YOUR COPY OF THE 
NEW WICKMAN FOLDER — 
“WICKMAN RAPID RE-SET FACE 
MILLING CUTTERS” — FOR 

THE FULL STORY. 











WICKMAN 


WIMET DIVISION, TORRINGTON AVENUE, COVENTRY. 
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Face Milling Cutters 








LIMITED 


Telephone 66621 
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THE JOURNAL OF THE INSTITUTION OF PRODUCTION ENGINEERS 


VOL. 39 No. 12 DECEMBER, 1960 








THE CULT OF THE SELF-MADE MAN 








- 


* 


A Paper presented to The Institution of 
Production Engineers in London, on 
2Ist September last, as The 1960 

E. W. Hancock Paper. 

The President of the Institution, 


Mr. G. Ronald Pryor, was in the Chair. 
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by JOHN MARSH 


Director 


The Industrial Welfare Society 


T is a considerable honour to be asked to address 

your Institution. I say that as one who failed to 
become a qualified production engineer at a motor 
company, and in some ways my coming here will 
be a form of absolution for my errors in the past, in 
not gaining membership of your learned Institution ! 
It is a special privilege to give this Paper because 
of its association with Mr. E. W. Hancock—and 
how pleasant it is to go to a lecture which is in 
honour of someone who is still alive. One feels like 
being gay instead of striking the solemn funeral note 
that may be necessary on other occasions. 

This Paper is a tribute to Mr. Hancock, as a person, 
for the great work he has done for industry and for 
this Institution. I remember, as a senior apprentice, 
meeting him before the War, though he would not 
remember me; and since the War I have taken part 
in functions when he has presided with such dis- 
tinction over this great Institution. 

I also feel a little guilty, because long ago I gave 
up being an engineer and found an easier way of 
making my living, on the human side of industry. 
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In my present post I am sometimes called a repre- 
sentative of a hotbed of discretion. We believe very 
much in the human relations in industry. We would 
be most disappointed if all the human problems dis- 
appeared as a result of any lectures given under your 
aegis. I welcome very much the discipline involved 
in the preparation of this Paper. The Institution was 
good enough to ask me to choose a subject and I said, 
“I would like to give a Paper in praise of the self- 
made man”. After a few weeks of thinking it over, I 
hastily altered the title because I thought that praise 
could be overdone. But the more I thought of it, 
following that, the more I preferred returning to the 
original title. 


a tremendous impact 

The discipline of looking into this subject made me 
feel that in the cause of human relations self-made 
men have a tremendous impact. When we count the 
distinguished engineers and entrepreneurs in our 
history, it can fairly be said that most were self-made 
men. A good number of our engineers have made 
unique contributions to the science of engineering 
by their inventions and latterly more through their 
sheer organising genius. This is particularly so in the 
case of The Institution of Production Engineers. 

Most of these men started out in life with little 
academic opportunity, for the system denied them 
the privilege of a prolonged education; it was surely 
by sustained and sheer hard work, intuitive drive 
through sacrificial years, that they made their con- 
tributions to our industrial heritage. Self-made men 
have always made their mark in other walks of life 
too; this almost goes without saying, except that I 
must say it now for fear of being misunderstood 
later. 

Today, I suppose we would agree, it is still possible 
to be a self-made man. One thinks of overnight finan- 
ciers, trade union leaders and politicians. It is not 
possible to be a self-made man in medicine, in law, 
thank goodness, and, in a sense, in the civil service. I 
hope that it will always be possible, as. a self-made 
man, to go into the civil service, and in war-time it 
had been proved that civilians, brought in, can have 
a revolutionary effect on that great machine. 

In the Concise Oxford Dictionary the term self- 
made is applied to “a person who has risen by his 
own exertions—often with the implication of vul- 
garity, etc.”. That is the unfortunate thing: with 
the class or caste pervasiveness which still haunts 
much of our society, this hint of vulgarity takes the 
edge off an otherwise simple and sober appraisal. I 
have known industrial men who, socially, have not 
been too happy that they have arrived as managers 
of factories: they have been much happier to be 
assistant master of the local foxhounds or Deputy- 
Lieutenant of the County. In our peculiar society, 
much of which one does not want to condemn, one 
may have success in industry or commerce on the one 
hand, and not necessarily acceptance in other places. 

Nevertheless, I suppose all of us know what it 
means; most of us have known men of whom it could 
be said that they were almost entirely self-made, 
although I suspect that as the decades go by they 
will be increasingly difficult to encounter; further- 
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more, it will be an even more tricky task to single 
them out while they are young, thanks to the Statc- 
sponsored elimination processes—a kind of minor 
management selection—which start in the kinder- 
garten—a prolonged nightmare for all conscientious 
parents. 

The present system of educational elimination 
implants, I think, a feeling of self-inflicted failure 
into hundreds of thousands of boys and girls, and 
this does not augur very well for this nation’s future. 
It should, of course, give just the right kind of spur 
to these young people, and make them aspire to be 
self-made—because they have been rejected else- 
where—but I think that in the affluent and cynical 
social climate of our time this result is very rare. 

The self-made man is popularly supposed to “have 
come up the hard way”, whatever that means. Surely 
most of us would agree that most success of an 
original kind is achieved by the hard way; venturing 
into the unknown is a tough experience whether one 
has an elementary education or a Ph.D: The self- 
made man in industry is now almost legendary and 
has a popular image which is something like this : 

“He had a widowed mother from his early years; 
he left school at 14 (if he can say 11 or 12 it gives 
something of an extra cachet later); he ran errands, 
had several odd jobs under cruel masters, before he 
made up his mind that engineering or business was 
his line. He then endured privations and worked 18 
hours a day, although joined when 20 years old by 
his pretty country girl wife. She bore him many 
children early and then proceeded to bore him as 
success came along.” I always mistrust the man who 
says that he has never had a row with his wife. He 
is either a liar or suffers from amnesia. 

“He built his business in spite of many near bank- 
ruptcies, but some friendly if exacting financiers 
came along just at the right time. Finally, however, 
he could not go wrong; he knocked out his rivals, 
made a killing by being alone in his field, and ended 
up as a wealthy, ‘local boy makes good’, phenomenon. 
In his declining years he enjoyed an envied reputa- 
tion, with few friends but countless sycophantic 
admirers who claimed his acquaintance during the 
hard years with extraordinary stories of their influence 
for his good.” We have all been told by old foremen 
of the way in which they helped—indeed, made—the 
most distinguished person in the factory, by being 
unselfish and giving the odd wrinkle and hint when 
opportunity occurred—and often there is a good deal 
of truth in it. “He probably never found social accept- 
ance, and to the lonely end believed in his own 
unchanging opinions.” 


acquirement of status 

Up till 1850 or thereabouts the engineer had no 
status at all. Educated people did not dirty their 
hands. The barber-surgeons were not accepted until 
they acquired some professional status by separating 
these two crafts or sciences. If one looks at the 
efforts on young people’s hair these days, one is 
inclined to think of it as a science! 

In his own way the self-made man has done mag- 
nificently; by courage, imagination and hard grind 
he burst through his contemporary scene and made 
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his mark. He often invented a new pattern of work 
organisation or business behaviour. I know three 
pe ople who claim to have invented the term “ergo- 
nomics”, for example. The self-made man could even 
found and endow a new branch of science. He was 
an original in his way, and usually a “character”, 
too, and as such society would tolerate him, but 
somehow his children benefited more, because thanks 
to him they were lifted out of his social limitations. 

This kind of image is certainly unfair to the par- 
ticular case, but somehow self-made men have not 
until recently bothered about their own public rela- 
tions. Even now, one suspects, public relations men 
(and women), those expensive boosters of individual 
or corporate ego, are hard put to it to reflect the 
whole truth about their benevolent clients. 


assessment of virtues 

If we try to assess the virtues in a self-made man 
most of us are bound to be somewhat introspective, 
for the urge to be original or different is in all of us. 

A self-made man, i.e., he who has “arrived” in 
the eyes of his fellow men, is surely entitled to have 
something like the following written into the terms 
of an obituary notice : 


1. His life of striving was created by circumstances, 

even though later he was wont to regard it as self- 
precipitated struggle. 
When one looks back at anything one sees it in 
gentler perspective. In fact, one may have been forced 
into these things. If enough bulls charge at enough 
gates one of them will get through somehow. There 
were doubtless other people trying to burst through 
also. 


2. He learnt most from sheer experience—by trial 
and error and not from books. 
I am always amazed at the truth of this, and the 
extent to which we do learn from our own and 
others’ trial and error, although we use books to 
follow through and try to evaluate what we have 
heard from other people. 

. . . When he received an honorary degree he was 
called “the happy pragmatist”. 


3. He was a student of human nature. By using 

colleagues and subordinates he prided himself that 
he could “ sum up” a man in five minutes. He was 
intolerant of weaknesses in others, because of his 
strong belief in his own virtues. 
I think one must say that men who have arrived 
at some time or other must feel that they have risen 
on the backs of others or even on the faces of others. 
I am not trying to exaggerate here: if we look at 
life realistically we appreciate that some people must 
go to the wall. It is a question of how you and they 
go to the wall today, in a gregarious society, that 
makes the difference. 


4. He admired most those with similar qualities 
to himself. His most trusted lieutenants were on the 
surface men very much in his own image; if he 
drank, they were expected to; if he swore a lot, they 
would too. He felt more at ease with his own type. 















































I remember a works manager taking me to a social 
club one evening. He was surrounded by supervisors 
and foremen. No one else belonging to the works was 
there. He said, “I can’t understand why nobody else 
comes”. All the senior people of the works were 
there, and they were his faithful echoes. He was a 
very strong and dominant personality who retired, a 
little prematurely, a short time afterwards. It had 
nothing to do with my visit! 


5. Of his other interests, if success came early and 
he had built a sturdy organisation to perpetuate it, 
he could spread his fancies and indulge in other 
interests. Otherwise his whole life would be bound 
up with his business success, his connections, his 
reading, his friends; all were involved in his self- 
made values. 

_ Sir Richard Burton, diplomat, explorer and roman- 
tic, wrote : 


“Do what manhood bids thee do, 

From none but self expect applause. 

He noblest lives and noblest dies 

Who makes and keeps his self-made laws.” 


I think there is a great deal of truth in this. Most 
of us recognise that we would like to do that. Self- 
made laws are born of conviction. 

Socially, the self-made man could be generous, 
extravagant perhaps; in artistic tastes he tended to 
be dilettante, and he felt ill-at-ease with those of a 
different cultural background. 

Above all, history would judge him as having 
added to the sum total of human happiness, for he 
and thousands like him have, during the past century- 
and-a-half, hammered out the technological, econo- 
mic and social revolutions which have peacefully 
convulsed these islands and the world beyond the sea. 


a popular vogue 

I would like to pass now to the time when the self- 
made man was much in popular vogue. He is not to- 
day, I believe. There is no doubt, however, that the 
apotheosis of the self-made man was reached in the 
second half of the 19th century. Samuel Smiles was 
the arch-priest of the movement to glorify and exalt 
the self-made man. In his best remembered book, 
Self-help, Samuel Smiles opens like this : 


‘Heaven helps those who help themselves’ is a 
well-tried maxim, embodying in a small compass the 
results of vast human experience.The spirit of self- 
help is the root of all genuine growth in, the indi- 
vidual; and exhibited in the lives of many it 
constitutes the true source of national vigor and 
strength. 

“Help from without is often enfeebling in its effects, 
but help from within invariably invigorates. What- 
ever is done for men or classes, to a certain extent 
takes away the stimulus and necessity of doing for 
themselves; and where men are subjected to over- 
guidance and over-government, the inevitable ten- 
dency is to render them comparatively helpless.” 


Samuel Smiles had something there, and the essence 
of what he says is important today. Are we not, 
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today, tending to be over-organised in much of life? 
In industry we, in a sense, gladly consent to it so 
long as we are paid to be over-organised—paid for 
our frustrations—because we know that the end pro- 
duct is needed in society; but there are areas of life 
where growing bureaucracy of various kinds, not only 
governmental, intrudes on whatever freedom we 
have. Smiles’ comment is particularly true of the 
Welfare State—“overguidance enfeebles . . .” in that 
it enables one to “pass the buck”. 

His other contribution, writing about the lives and 
achievements of famous engineers and business men, 
is, alas, not sufficiently continued today. It is always 
a matter of surprise to me that few biographies of 
engineers and business men have been produced in 
recent years, and when they are they seem to be so 
unreadable. In many ways I believe industry, especi- 
ally the big corporation, is queasy about this whole 
subject, and by not facing up to it one feels that 
the next generations of student engineers and business 
men are deprived of a real feeling of human con- 
tinuity and tradition. I know at least three firms that 
have engaged journalists and others to write the 
history of the founder of the firm, only to find to 
their horror that it could not be published. But every- 
one knows that old Mr. So-and-So who started the 
firm was a man of frailty, anyway. Somehow I think 
we have to publish and be damned, ina sense, the 
lives of men who have made a contribution. Who is 
to say that industrial men alone should not have 
frailties? Perhaps the attitude is that not telling the 
student helps him, in his turn, to come up the hard 
way ! 


overtaken by events 


I will only add that if Samuel Smiles were alive 
today he would be a national overlord for private 
enterprise, or would be as garrulous and dogmatic 
as an archbishop, with his pronunciamentos on 
human ills. So far I have discussed what might 
be called the historical self-made man. He was right 
for his time, but he has been overtaken by events. As 
in the world scene self-made Hitlers give appalling 
travesties of leadership in a gregarious world, so in 
industry we cannot any longer afford the ruthless, 
vain, self-made man with his dominant personal 
ambition, which is incompatible with our collective 
social conscience. I am not trying to put over any 
peculiar concepts of what social behaviour should be, 
but surely we have come to realise that whatever 
messes we are in, or hopes we may hold, we must 
work together in teams or by leadership, getting 
people to go with it. 

The self-made man will come again and again, no 
doubt, but there are sanctions in law and in public 
opinion generally, which should curb his influences 
which are deleterious to our common welfare. 

The fact is—and I cannot emphasise this too much 
—that today co-operation is needed between people 
internationally, within nations, in communities, in 
business and in families, and is the basis of any worth- 
while philosophy. The alternative lies in such emotive 
words as exploitation, conflict, fear and war. If 
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science and its application is to mean anything in 
the remaining years of this century, in terms of 
human values and happiness, we must take ethics 
more into account. 

There are, of course, powerful forces working 
against co-operation. In the physical sciences man pur- 
sues exactness. “It either fits or it doesn’t’, he says. 
Yet with human beings there is no such exactitude, 
and in several senses the engineer should know what 
tolerance means. In human relations—not to be 
called a science, I beg of you—we have a series of 
arts and skills in which perfection is impossible. 
Successive Presidents of the British Association in the 
last few years have all said that in the remaining 
years of this century, we must give as much attention 
to the human skills as we have done in the first years 
of the century to the physical sciences. 


the key to success 


For the able, potentially self-reliant young man the 
key to success tomorrow is through specialisation. In 
the church, in education itself, in the youth services 
and in all our complex and large organisations people 
must specialise. The learned bodies such as The 
Institution of Production Engineers are by their con- 
cepts irrevocably committed to this movement. One 
must say that the aims and ideals of varied profes- 
sional bodies in the industrial field, when considered 
in juxtaposition, leave the layman bewildered if not 
a little anguished. New professions are emerging and 
older ones are expanding. Several times since the War 
we have seen a new hive-off of professional skills 
into new bodies. They seek not only to improve their 
status but to enforce standards of competence and 
conduct on their colleagues in different disciplines. 

For professional reasons, if none other, they all 
need to encourage the social skills, of listening to the 
other man’s view, of give and take and the arts of 
co-operation generally. At this stage I would just like 
to bring in two illustrations very quickly. I have 
mentioned that we need more of the arts of give and 
take. Serious studies of executive behaviour made in 
Edinburgh University and elsewhere nowadays indi- 
cate that in the dynamic company, with expanding 
markets, new ideas, processes and products, the senior 
people, technical and otherwise, are spending 80% 
of their. day in round-table conference—one or two 
men chatting in the office or on the telephone—in 
fact they are engaging in human relations. Even in 
the factory on constant production, 43% of the time 
is taken up in this. The more senior one becomes, the 
less one uses professional knowledge of science and 
embraces other skills to which one is not necessarily 
suited and which apparently we must learn the hard 
way. 

My second illustration concerns the company chair- 
man who wanted to appoint eight men from within 
the Company to the main board. (It is a true story.) 
They were men in their forties and fifties. Five were 
within a year to become chairmen of subsidiary 
companies. He took them off to a hotel for the week- 
end and said, “This is a departure for the company. 
I am taking a risk. You are high in your professions. 











~ SS -_. a. a Uk 


a a, ee ee 


Ee Flo 


r in 
of 


hics 


cing 
ur 
ays. 
ide, 
that 
be 

s of 
ble. 
the 

ling 
tion 
ears 


the 
. In 
ices 
ople 
The 
-on- 
One 
»fes- 
ared 
not 
and 
War 
kills 
heir 
and 
S. 
all 
the 
s of 
like 
lave 
and 
e in 
ndi- 
ding 
nior 
30% 
two 
—in 
n in 
time 
the 
and 
arily 
nard 


lair- 
thin 
ory.) 
were 
liary 
eek- 
any. 
ions. 








You are paid well and have had good results so far. 
Will you try and be honest with each other and with 
me this week-end and tell me what are the weak- 
nesses in yourselves at this time of life?” 

After their discussion they said, “We have five 
areas in which we are not happy. First, we are one- 
track minded. We have only, so far, taken our own 
special knowledge seriously, never really giving due 
credit to the other branches of the business. If we are 
going on the board we must do that. Secondly, 
we have no knowedge of economics.” This is, perhaps, 
a national disease. I have never met anyone, even 
someone knighted, who really understood how the 
bank rate went up and down! 

‘We are socially ill at ease. Some of us have never 
given time to the social graces necessary to repre- 
sent this company and do business with people. How 
do you make conversation with a University don; what 
small talk interests him?” I would like to know the 
answer myself sometimes. They also meant that 
they were socially ill at ease with the spirit of the 
time: that they were not sure that they knew the 
various influences at large in society. 

‘We have no personal philosophy. We do not know 
what to believe—whether we should have any per- 
sonal faith, or whether we have any philosophy for 
ourselves or of industry itself. 

“What about the wife? She has been the victim of 
our circumstances for years, and now we are going 
on the board and will become chairmen too. Do you 
want her to gear her whole life to what we have to 
do, to be party to what is in a sense a sort of total 
mission in life?” 

I believe these problems exist in many executives 
as a result of over-zealous application of special 
knowledge. In this regard, however, one must give 
due credit to the modern schemes of management 
training in industry, or executive development as it is 
better called. 

In the conflicts of professional know-how, the 
bodies of which I have spoken invariably have resort 
to the amateur to decide—as do Government depart- 
ments when they are bogged down with too many 
facts and no sense of direction! 


problem of conflicting needs 


In promoting standards, research and the free 
exchange of technical knowledge, professional insti- 
tutions render an invaluable service to industry, and 
yet I would submit that a very real problem lies 
today in the conflicting needs of increased specialisa- 
tion and the general culture. There is surely an 
imminent danger that we are concentrating on pro- 
ducing a technically skilled nation by mass produc- 
tion methods as opposed to a truly educated one. We 
must proceed with technological progress but we have 
yet to recognise the parallel importance of the liberal 
arts, social skills, and what I would like to call the 
wakefulness of man’s spirit. 

Could I suggest that one day your Institution may 
give a lead, because of your great experience and 
widespread influence in this country, in advocating 








a federal get-together every five years of organisa- 
tions like your own with organisations dealing in 
social skills, not to federate but to have a look at the 
way in which all this is going; but do it in a multi- 
lateral fashion, not unilaterally, for such discussions 
take years to complete. Would it not be possible at 
the beginning of each decade to plan a week’s get- 
together for the serious purpose of seeing whether we 
could not get some reconciliation of the kind to 
which I have been referring? 


the “ organisation man” cult 


Across the Atlantic the cult of “organisation man” 
has arrived; there are depressing signs that it has 
begun to arrive here too. If it has I would blame 
the Universities, particularly the older ones, for their 
curiously negative—almost hostile—attitudes to the 
development of an industrial society. Whether this is 
due to intellectual snobbishness or mere laziness for 
over a century in recognising industry’s part in our 
national fulfilment, it is difficult to know. The fact 
remains that whilst accepting industry as a necessary 
evil, Universities consistently appeal for its money 
and at the same time tend: to regard the graduate 
who enters it as a lost soul who, in selling his talent, 
has also sold his discretion. 

This is, I think, still true of some of the colleges 
of the older Universities in particular. The graduate 
is badly needed in industry. He is wooed every Sun- 
day in tombstone advertisements which invite him to 
apply for all the wonders of this world. When he is 
about 35 he has an immense advantage over his con- 
temporary who has had to come up the hard way. 
The discipline of University training enables him to 
cut through to first principles far more effectively 
than the other man, for a while at least. 


the place of apprenticeship 


Here may I just put in a plea—not that one should 
use your platform for pleas—that perhaps we should 
look again at the cause of apprenticeship, Its numbers 
are still declining. I am in touch with a good many 
schemes and one of the reasons why it is not getting 
the attention it should is that the full-time officials 
such as apprenticeship supervisors, education and 
training officers, who 10 years ago were dealing with 
the subject, have today been promoted to dealing 
with the vast subject of management education and 
training; so there is no one coming on to keep up 
the standards of apprenticeship. 

Apprenticeship of various kinds has a major part 
to play in years to come. One meets one’s contem- 
porary apprentices who have done extraordinarily 
well in industry. Twenty years ago they would not 
have exchanged that beginning for a University train- 
ing, but today the overwhelming weight of organisa- 
tion, money and everything else is for the University, 
to the extent almost that parents and industry have 
concentrated on filling the science places and it is 
comparatively easy to get an arts place. Is this not 
something to look at if you have a federal meeting 
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in the next few years—apprenticeship and the re- 
lationship of this system to graduate training? 


a new philosophy of education 


Industry and the exigencies of technological and 
consequently social development have now forced the 
educational system to recognise the need for a new 
philosophy of education; it is good to know that 
experiments are afoot which will lead to such schemes 
which were described in The Times recently as aim- 
ing “to break down the packed specialisation of 
grammar and University education of the present 
time, and put something civilising in its place”. One 
means here such things as the Trevelyan Scholarships, 
the Cambridge experiment with the Engineering 
School to bring in a one year course of Tripos 
standard in certain liberal subjects—four years of 
graduate training and one year of liberal training. 
I am reminded of a firm in Chicago which puts its 
foremen through a course of “Plato, Socrates and 
Galbraith” at the hands of a professor who flies in 
from San Francisco every week. The Arts graduate 
may yet come into his own. I know of two or three 
large companies that are coming round to the view 
that the difficulty of reconciling the specialists is so 
great that it is perhaps the Arts man ultimately who, 
with his breadth and judgment and wisdom can, 
given experience, provide the answer. It is worth 
thinking about that if we cannot come to grips with 
this problem industry may have to act arbitrarily, as 
it always has to in the end. 

The early specialisation of which I have spoken 
has also been aptly called “the pressure cooking in 
education”. But to return to “organisation men” : 
those of us who have visited the United States will 
know that with its polyglot of peoples, that industrial 
nation has its own mixture of cultures and social 
customs. In the vital exchange of technological know- 
how with our American counterparts we do not 
necessarily have to embrace their way of life—or they 
ours. Yet in our impatience and in our general failure 
to give thought to what I would term our indigenous 
social strategy, we at present copy much of North 
America’s affluent society and its accompanying 
human values willy-nilly, the sound with the sick. 

The “organisation man” of the United States is one 
who has to fill a carefully designed and carved niche 
in the bureaucracy of Government, industry or com- 
merce. He is trained and expected to be successful, 
when all is well with national or local prestige and 
economy. However, and I cannot emphasise this too 
strongly, I believe that in the phases of failure or 
uncertainty, the organisation man is very much at a 
loss. America’s own failure to lead internationally in 
recent years is surely due to the fact that she has 
been accustomed only to success, It has been a con- 
tinued success story. In 1898 they overtook us and 
ever since they have gone up and up, with occasional 
crashes from which they have recovered quickly. 
They have been forced into world leadership by great 
industrial capacity. I believe that they are not accus- 
tomed to it and wanted only to deal with the positive 
success that they had had for so long. 
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The “organisation man’s” well-oiled systems, pre- 
digested aims and motives, group pressures and what 
not are designed and applied to bolster the general 
American feeling of insecurity in a nation new to 
power, and whose roots are not deep. When he comes 
across “untogetherness”, if I may pervert our lan- 
guage still further, he lacks courage for the empiri- 
cism which is at the heart of any free society. 

I visited a magnificent factory in New York State. 
At the end of a day I said to the manager, “I have 
never seen a more exciting kind of factory, or better 
organised. You all seem very happy”. “Yes”, he said, 
“and we are worried about it. We are going to have 
a psychiatrist in to find out why we are so happy”. 
We would not think of doing such a thing, but they 
somehow need to be reassured ! 

A similar problem is presented by a feeling that 
they must analyse the reactions of their executives, 
and the causes of failure and success. I agree that 
some research is necessary, but one does not have to 
take the results of such research with deadly serious- 
ness. Have any of you ever been to an American 
management conference? Have you ever come across 
such a solid “wodge” of seriousness? There is precious 
little humour or humanity in such a conference! We 
must not copy their polyglot pattern, or the way 
that it affects them. We have our own way of look- 
ing at these problems. It is in considering this kind 
of situation that some of us will respect Samuel 
Smiles and his sublime confidence. The organisation 
man is quite the opposite. 


the present day ideal 


I have so far tried to portray the two extremes of 
the self-made man and the organisation man. Now 
I would like to make a case for the ideal self-made 
man in the present-day scene. 

The ideal self-made man must be an educated man 
in the widest sense; amassing information and acquir- 
ing technical know-how are obviously insufficient. I 
often feel that the mere mugging for degrees anc 
diplomas lulls many a youngster into a desperate trap 
of false security, which causes a lifetime of regret if 
he fails to learn how to use knowledge, The icleal 
self-made man must be a self-reliant individual, with 
a creative imagination, nous, and the capacity for 
logical thought. He must from time to time indulge 
in curious thoughts, to shape questions, to seek and 
sell answers, to design new experiences for himself 
and others, and notice what happens as the result of 
such ventures. He may, of course, incorporate several 
specialisations in his career—it is being done in this 
country quite naturally—but if he wishes to make a 
major contribution, I hope that in some areas of life 
he will remain an ungifted amateur. If given most of 
this he will be tolerant; but the great gift I think to 
be a sense of humour. In our accumulation of indus- 
trial gimmicks, gadgets, -ologies and -isms we tend to 
be over-serious about ourselves though not to the 
same extent as the Americans; to have a good laugh 
(or cry) at our follies provides a much-needed 
catharsis in the alchemy of the happy self-made man. 

This self-made man is necessary to our industrial 
future, which promises to be no easier during the re- 
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maining 40 years of this century. Given peace in the 
world, the great industrial problem should not be that 
of production but in the distribution of the fruits of 
production, with inequities of wealth and explosive 
population growth, nationalism and race relations, 
the balance of work and leisure, and the building of 
just societies. Many of the problems ahead of us are 
not technical but social. There is much for us all to 
do—for this is the perspective and we must if we are 
to lead know where we are leading to. 

Tomorrow’s self-made man has several clear path- 
ways in front of him; he must realise : 


Firstly—that he needs ever more and wider basic 
education. 


Secondly—that before he earns his living he will 
be well past the age of manhood and his social adjust- 
ment requires patience. 

On our Youth Services Committee we were much 
impressed by evidence that the younger generation 
is maturing 18 months earlier than it did 35 years 
ago. I am told that this helps to account for the 
shortage of choir boys in certain parishes! 


Thirdly—that his education does not end at 21 or 
25. These ages may mark the end of the beginning; 
we have learnt in late years that the successful indus- 
trial engineer or executive (or he may be both) never 
stops educating and training himself. If he gets to the 
stage where he knows it all he is in reality giving up 
a major struggle of life: if, on the other hand, he 
increasingly realises that he knows less, then he may 
be reassured that he is on the right lines. 


Fourthly—that a man generally has three incen- 
tives to work : 


(a) to maintain a reasonable standard of living— 
even though in modern society with inflation, 
taxation and vexation, if he is honest he is 
left with little more than hope! 

(b) to achieve status in a profession or trade in his 
workplace and the community—not to men- 
tion in the eyes of his wife! 

(c) to find an intrinsic satisfaction in all that he 
does. 


I believe that the engineer and the executive are 
among the elite of people today who can enjoy their 
jobs if they wish. There is variety, not necessarily of 
their own choosing. They are caught up in a chang- 
ing situation, and one can find an intrinsic satisfac- 
tion in change, if one is so minded. 


Finally—that it is the whole man that counts. He 
needs to weigh up in his personal balance sheet the 
complementary facets in his life—those of belief, 
homage, family life, work, citizenship, leisure and 
maybe just idleness, In all this he must ask himself 
from time to time: “Where am I going? What do I 
want to give to life as well as get from it?” These 
are all philosophical questions. 

The tantalising thing about all this is that in one 
sense we never arrive anyway. When is one able to 





say: “I am self-made?”. So far? What next? I have 
always believed that self-reliance is continual striving 
—steps towards self-fulfilment. In a very real sense 
life is a series of ephemeral fulfilments; it is, how- 
ever, in the restlessness of man’s spirit, his ideals and 
his emotions that we need to be in awe and feel 
inadequate. I am strangely unhappy with those who 
are dogmatic in these matters. There are many fron- 
tiers in an individual human being over which 
another person must not stray or dabble unless by 
invitation—and even then only on a basis of mutual 
trust and love. Here the marriage relationship is 
cautionary to us all. 

I was most moved a few weeks ago when a dis- 
tinguished man, who had been married 50 years, 
said to me, “At night when I lay my head on my 
pillow and my wife is on the other, do I know a bit 
of what is in her head?” Even with the marriage 
relationship we really do nut get to know each other 
beyond a certain point. And here is where organisa- 
tion man is wrong. If anyone wants to alter the 
personality of the individual to suit the business he 
must find out whether that individual really wishes it. 

The cult of the self-made man has something to 
commend it, in the setting of a social age and if we 
have taken notice of history. Oliver Wendell Holmes 
—who could always puncture pomposity—once said : 
“Everybody likes and respects self-made men; it is a 
great deal better to be made in that way, than not 
to be made at all!” 


self-judgment 


In conclusion, I would return to what the ideal 
self-made man should say in self-judgment about his 
work when surrounded by his friends and his peers : 


“I have tried my best from youth to old age; 


I profited from my teachers and taught freely in 
my prophecies; 


I did more than I was ever paid for and tried to 
improve my profession by example; 


I took pains in my work to find out what ‘they’ 
expected from me and got on with the job; 


I kept my subordinates in the picture and left 
them alone to get on with their tasks; 


I was privileged to discover one or two youny 
men far better potentially than I ever was, and 
I gave them their chance : they rewarded me by 
what they chose to call their discipleship of my 
example; 


when I retired my work did not die but entered 
into a new and better phase; 


and my success, what is it? Not only in the 
goods and services I have helped to produce or 
render, or the profits that teamwork made. The 
real reward has been in the extent to which I 
have been able to be an influence for the good 
of my fellow men; 


and long ago I learned that God made man.” 
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I said earlier that the ideal self-made man is neces- 
sary to our industrial future. By this one means that 
no matter how complex our educational system, our 
industrial organisation and our social. direction, we 
need people who will be non-conformist at certain 
times; they will be unpopular, their ideas may well 
be inchoate over long years; but out of their loneli- 
ness in the envy and isolation of their fellows, they 
will produce something to add to our national char- 





acter and the everchanging tempo and gregarious 
temper of our day. Such men (and women) need not 
achieve greatness (though some will) but in the 
corners of our offices, factories, shops and in fact 
wherever people work, these few will be the custo- 
dians of our national progress and well-being. 

For they will continue the historical human tradi- 
tion that Britain adds much to the conduct of society 
everywhere, 





DISCUSSION 


Dr. G. S. Brosan (Further Education Officer, 
County Council of Middlesex Education Committee), 
opening the discussion, said that while he must con- 
gratulate Mr. Marsh on the excellent case he had 
presented, he reluctantly needed to.quarrel with Mr. 
Marsh’s interpretation of the way in which the self- 
made man came into being, and his claim that the 
self-made man forced himself on to society. The 
quarrel was with the suggestion that the drive of the 
self-made man was due to circumstances: surely 
the drive came from within the man himself. There 
were all types of people, as many psychologists would 
attest. One could classify them into people who saw 
similarities and people who saw differences; into 
people who thought for so long that they never acted 
and people who acted so fast that they never thought. 
But these were not significant differences in the 
present context. The main point was that some 
people had “‘fire in the belly” and others had not. 

His disagreement with Mr. Marsh would have been 
much greater had he not said what he did at the end 
of his Paper . . . “We must have men like this . . .” 
Of course one must. He would refute the suggestion 
that the Americans had accepted the “organisation 
man”. They had not. A great deal of questioning was 
going on, and he would just like to read from the 
book, “The Organisation Man”,* a passage on 
trainees in management : 

“From company to company, trainees express the 
same impatience. All the great ideas, they explain, 
have already been discovered and not only in physics 
and chemistry but in practical fields like engineering. 
The basic creative work is done, so the man you need 
—for every kind of job—is a practical, team-player 
who will do a good shirt-sleeves job. ‘I would sacrifice 
brilliance’, the trainee said, ‘for human understanding 
every time’. 

“And they do, too.” 

“The author takes this passage and proceeds to 
tear it to bits”, Dr. Brosan said. No one in the United 
States or anywhere else who had read that would be 
convinced that the organisation man was the one for 





* Jonathan Cope, London, 1957. 
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their society. The book even included a chapter on 
how to cheat in personality tests. 

If one had the drive of which he had spoken what 
did one do? The engineer found out pretty quickly 
that he could get more money and more social credit 
by not being an engineer; so he started to work his 
way up the administrative ladder. He could not do 
what people did a few decades earlier, finding obvious 
things that had not been invented and making his 
pile. To that extent the engineer had advanced. The 
high financial rewards came not to creative engineers 
but to creative controllers and commercially-com- 
petent exploiters. The engineer dealt in, and trusted, 
facts. The commercially-competent exploiter, or the 
psychological administrator, dealt in or led people. 
Was it easier to deal with a fact or a person? Perhaps 
it was not quite as wrong as it might seem for the 
administrator to get a little more money. The trouble 
was that he got a little too much, but one need not 
go into that. 

Could he have two tilts, continued Dr. Brosan, at 
no one in particular? First, it was easier to train a 
manager than to train an engineer, It did not matter 
when one was studying economics and came to the 
theory of banking whether one knew very much 
about the manor system; but he would defy anyone 
to do calculus without being first able to do long 
division. Engineer training must be consecutive. That 
of the manager could be done in bits. Also, manage- 
ment training was so concerned with facts that it 
was always downward looking instead of forward 
looking. He wondered whether that had something 
to do with the subject under discussion. 

Second, if one could get a self-made man up on 
the platform, would he say, “If you are all so clever, 
why aren’t you all rich?” It might not be in the best 
of taste but it would underline the fact that we had 
not all got the necessary drive, which, he felt, came 
from within the man himself, and would make itself 
felt whatever his walk of life. 

What did Mr. Marsh really want out of education ? 
He had first said that success came through specialisa- 
tion, and later that we must not specialise in the sixth 
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form. There must be some sort of balance. Where 
did one begin specialising, and how much should one 
specialise? Did he really mean that Universities 
should be the handmaidens of industry? Surely this 
was the last thing to seek if we wanted men who 
could think for themselves and for industry. The 
technical colleges were more closely bound with 
industry, perhaps too closely. The people one trained 
must be made to think, perhaps trained to think. He 
would like to know how this could best be done: it 
would not be easy, however. 


Mr. Marsh replied that he had singled out the 
older Universities as having rather missed the way. 
The discipline of thinking was the main thing to be 
taught, but it must to some extent be related to the 
circumstances of the day. It was unfortunate that the 
products of Universities were often teachers and that 
these were frequently cynical about industry and 
commerce. A lot of this was unhealthy. 

He had thought not of Universities being the hand- 
maidens of industry, but in some form of partnership 
with it--the kind of thing envisaged by Professor 
Baker at the Engineering School at Cambridge. 

The older Universities had not, in the last fifty 
years, made a major contribution to the social 
consequences of industrialisation. In the social con- 
sequences was involved the sum total of human 
happiness. In this respect they had behaved in isola- 
tion. One found that graduates, the contemporaries 
of one’s children, lived in a different world and often 
thought in the light of circumstances that were 
common a century ago. A genuine mutual respect 
between industry and the Universities was often lack- 
ing, and the country was losing thereby. 

Education should, of course, be directed to teach- 
ing one to think and to probe a little into the nature 
and destiny of man. This might sound pompous, but 
it was not necessarily intended to make one a better 
works manager so much as to help one to live. 


Mr. D. L. Nicolson (Managing Director, Produc- 
tion Engineering, Ltd.) felt that the author had been 
a little hard on the organisation man. He did not 
know whether he himself was aspiring to be a self- 
made organisation man or not, but anyone who 
studied organisation was forced to the conclusion that 
people were so much more important than any 
system. It meant that if the individual, whether pro- 
duction engineer, cost accountant or whatever, was 
properly trained in his function, which included 
understanding the functions of his colleagues, the 
organisation would work—rather than by the appli- 
cation of any particular system. That was fundamen- 
tal, and well understood even by the “organisation 
man”. 

Today there was greater opportunity for higher 
education through State aid. Only about 7% of 
school leavers were potential leaders and a large pro- 
portion of this key material might be those who went 
on to higher education instead of entering industry 
through apprenticeship. These greater opportunities 
were themselves, of course, admirable, and in a way 





men were self-made men if they won a scholarship. 
The difficulty was to attract them back after higher 
education to the shop floor or to a career in produc- 
tion. In fact they might start with quite an inferiority 
complex compared with the young practical man who 
had been in the works since leaving school. 

One of the things that could be done in a work 
study department was to bring together the profes- 
sional rate-fixer and methods engineer, the young 
graduate learning the economic facts of manufacture, 
the shop steward who was taking an appreciation 
course, and the future foreman who was perhaps 
being trained by a process of circulation. These were 
the sort of “human” engineering problems that had 
to be tackled today. He would like Mr. Marsh’s 
opinion on whether the 7% of potential leaders were 
indeed largely the ones who were being led away to 
higher education by the State education system. 

He also wondered whether enough was done to 
provide incentives for the man on the shop floor who 
did not have the opportunity to serve an apprentice- 
ship and become skilled. In some other countries, 
including America, it was possible for a man to 
acquire skilled status at any age or stage in his 
career. In the Merchant Navy there was an admir- 
able ticket system whereby a young engineer could 
obtain the qualification for chief engineer whether 
there was a vacancy or not. He had often wondered 
whether in industry there could not be an inspector’s, 
charge hand’s, planning engineer’s, or even a works 
manager’s ticket, along the same lines. But should 
the organisation man devote time to providing such 
incentive systems? Or was it more logical to say that 
if a man had “fire in his belly” he would find a way of 
getting up there himself? He had enjoyed the Paper 
very much indeed. 


Mr. Marsh said that in the last ten years industry 
had given the impression of ceasing to be preoccupied 
with shop floor reactions; for example, joint consul- 
tation had failed. There was much evidence that 
industry now sought an elite of top managers, engin- 
eers, etc., and was paying great attention to finding 
the 7% who were to lead, Unless it thought out the 
implications of this Britain, as an industrial nation, 
might encounter real difficulty, for the man on the 
shop floor would feel that without early preselection 
there was little chance of success. Ten or eleven years 
ago one would have found at a works managers’ con- 
ference that more than half those present had come 
up the hard way. In another ten years there would 
probably be very few who had been able to force 
their way into the elite in this fashion. 

The concentration on the elite was necessary in 
every civilisation—whether in a dictatorship or a 
democracy. Nevertheless one should not let this pre- 
occupation blind one to the frustrations on the shop 
floor. It had been said recently that we would have 
to pay more to people for their frustrations, the 
chances they had missed, the threat of redundancy 
and so on. People tended to be paid for being less 
resistant rather than for what they did. 

The chances to rise from the shop floor had become 
fewer, partly because of a changed eeucational 
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system. Gilbert Murray had once been asked when 
he had really felt he was growing old and had said, 
‘When resignation took the place of hope”. Resig- 
nation that one had nothing to look forward to but 
the pay packet could lead to action of various kinds, 
possibly political. The unions in the United States 
had got so far with their industrial demands that 
they were now tending to achieve a greater status 
in society. 

On the question of the 7% who would become 
leaders, Vice-Chancellors of Universities would tell 
one that in recent years the average student had 
not felt it necessary to bother about anything but 
getting his degree, going into his first job and getting 
as much money as he could before he was 25. The 
man who came up from the shop floor had a genuine 
knowledge of atmosphere and the way in which 
people reacted that could not be obtained otherwise. 
From the point of view of human relationships, was 
it wise to exclude from leadership men coming up 
in this way? We might yet have management, tech- 
nologists and some union leaders who had never 
known at first hand the atmosphere of the shop. This 
lack in leadership could have a serious effect on 
morale in industry. 


Mr. G. A. J. Witton (Member of Council) said 
that the first impression he gained -on seeing the 
title of the Paper presented by Mr. Marsh was that 
they were again embarking on the process of debunk- 
ing the self-made man. This had been the favourite 
pastime of society and dons over the last century. 

Mr. Marsh in his Paper had, however, been more 
constructive, He had certainly debunked the self- 
made man, past and present, but he had also pro- 
vided the specification for the self-made man of the 
future. Mr. Witton could not fault this specification, 
and could only wonder how it would be achieved. 

He also detected a suggestion that Mr. Marsh 
might well support the view that business was best 
run by amateurs. He did not agree that the qualifica- 
tion for taking a broad view was a complete lack 
of knowledge of the subject. 

It was fortunate that the future requirements of 
British industry were not dictated entirely on the 
basis of what was happening in the very large com- 
panies, for the major part of our industry was made 
up of very small companies employing less than 500 
people. 

It must be accepted that in the future there would 
be a growing tendency for small units to amalgamate 
because of the increasing cost of scientific and tech- 
nical development. Of the present it could be said 
that almost all of our small businesses were run today 
by self-made men who started life as craftsmen, and 
many had, by their own efforts, expanded to a 
remarkable degree in the past decade. 

Mr. Witton felt that there was still a need for the 
self-made man, and large industrial groups in both 
the United States and in the United Kingdom were 
making a real attempt to create the opportunity of 
retaining the atmosphere in which he flourished, by 
dividing the large group into small units for 
managerial purposes. 
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In the United States the Board of Directors no 
longer interfered with the operation. The President 
and the Vice-President ran the business and the 
Board of Directors met only on rare occasions to 
exercise financial control, hire or fire the Presidents 
and protect the shareholders’ interests. Today, in 
Britain, there was a growing tendency for the Boards 
of operating companies to be constituted of self-made 
men who acted as functional Directors, and in this 
way they operated in a very similar manner to 
the Presidents and Vice-Presidents of American 
companies. 

The problem of the future, as Mr. Witton saw it, 
was to provide men with sufficient breadth of vision 
with a system of training which provided for a high 
degree of academic training and insufficient oppor- 
tunity for acquiring practical experience. 

In the company with which he was associated they 
had well-organised schemes which, with the help of 
local education establishments, were designed to pro- 
vide them with many craftsmen and technicians. But 
with few exceptions their existing executives were 
self-made men, and the problem was to find the next 
generation of executives. A recent review suggested 
that those most likely to qualify in the immediate 
future were the men from the floor of the shop, who 
had come up the hard way. 

They would like to feel, concluded Mr. Witton, 
that some of their graduates would achieve mana- 
gerial level, but results to date were disappointing. 
He would be grateful if Mr. Marsh would express 
his views on this matter, as he felt that the future of 
British industry depended largely on the quality of 
the executives it could provide. 


Mr. Marsh said that he had been referring to the 
shortage of trainers, not of apprentices. Some firms 
that two years ago had only one boy applying now 
had 150. Technical and practical training had to be 
balanced by training for life. He had just come back 
from Oxford where 450 of the best apprentices in 
Britain were attending conferences held every year 
for eleven years. To any company that sent them, 
he would say that the overall impression was that 
these lads were on a kind of technical conveyor belt 
because of their cramming plus practical experience, 
the latter not being as well-organised as it might 
be. Also, there was a need for something else, perhaps 
a regular discussion once a month for an hour or 
two with the supervisor or a manager about matters 
in the department, about how the joe was done and 
the company was organised. 

Most were anxious to marry early, and were sur- 
prisingly interested in household economy and the 
way in which to get money to put down on a home. 
He did not advocate that those present should become 
marriage guidance counsellors, however well fitted 
they might be, but that they should help, where 
possible, in the development of discussion and the 
discipline of thinking. 

Most apprentices felt that the unions had thrown 
them aside. He was inclined to agree. Few unions 
had a youth policy, even less a full-time youth officer. 











These days young people, with the help of 
their parents, were extremely well informed—amainly 
because of the advent of television—and should be 
encouraged to be articulate about adult values. Social 
development of this kind would repay an organisation 
handsomely. Apprentices should be encouraged to 
form their own apprenticeship association. He was 
sure that anything that one could do for learnership 
was fruitful. 

A course in how the company worked, given three 
months after joining, and lasting perhaps a week, 
would make an amazing difference to the frustrations 
of young people, whose whole attitude was moulded 
during the first six months, and who often began their 
life with a firm wondering where they stood or what 
was expected of them. This was vital to relationships 
later on. It was a subject in which he believed 
passionately. 

When he had discussed, in the United States, a 
problem similar to that of Mr, Witton they had said, 
“Perhaps we want planned empiricism”. This would 
produce a kind of super-organisation man with a bit 
of pragmatism thrown in. The organisation had to 
allow for this but not go too far in ‘making’ a man. 


Dr. J. S. Tait (Principal, Northampton College of 
Advanced Technology, London) said that Mr. Marsh 
had begun by saying that most distinguished engin- 
eers were self-made and had come up the hard way. 
This was true largely because formal technical educa- 
tion had only begun about fifty years ago, and in 
speaking about those who were successful one omitted 
to mention those who had perished by the way. 

When one spoke about the self-made man of 
tomorrow, one had to realise that he might be suc- 
cessful and no less eminent than his forebears, but 
he would be much less “self-made”. It was likely that 
his talents would have been noticed at an early age. 
He would have been selected for a sound fundamental 
technical education coupled with appropriate practi- 
cal training in industry. From his observation of the 
work around him he would derive inspiration and he 
would be subjected to many of the influences of radio 
and television. By his reliance on books and all those 
outside influences he would much less deserve to be 
called self-made. 

Mr. Marsh had given priority to a wider basic 
education, and Dr. Tait had heard Dr. B. V. Bowden, 
at Manchester College of Technology, say that the 
qualities displayed by the most distinguished engin- 
eers were those possessed by small children—curiosity, 
zest for life, initiative and enthusiasm: that some- 
where on the way through school these qualities were 
atrophied or destroyed. Children were required to 
conform to a pattern. By the time they were 13, all 
initiative having been knocked out of them, they were 
asked to choose from an arts or a science course and 
to fit into this elementary pattern. 

But leaders did not conform to a pattern and this 
had to be recognised even in school circles. It was 
hoped that one effect of the Crowther Report would 
be to broaden the school curriculum so that children 
were not simply soaking up information in narrow 





and specialised fields without thought of personal 
attitudes and behaviours. 

Mr. Marsh’s second point was that before the self- 
made man of the future earned his living he would 
be well past the age of manhood. If this continued 
to be true, it would be a serious mistake. In the dis- 
cussion it had been said that the University man was 
often deficient in certain personal qualities and per- 
haps this could be remedied if he had an interval 
between school and University when he went into 
the world to earn his living. This usually resulted in 
a rapid development of his personal qualities and 
character, and if he could be financially independent, 
it contributed to his manliness and responsibility of 
outlook. 

This was one of the valuable features of the 
Diploma in Technology schemes. The boy who left 
school with University entrance qualifications was 
required to spend six months in industry and in 
college alternately over a period of at least four years, 
and the wages paid by industry were such that the 
majority of these young men were financially inde- 
pendent of their parents and earning their own livings 
by the time they were 21 years old. The importance of 
this financial independence could not be overstressed. 
Mr. Witton had spoken disparagingly about some 
sandwich course products, but it was too early to 
criticise the Diploma in Technology students. Dr. 
Tait said that in his own College there were about 
800 students in these courses; more than half had 
three Advanced Level passes while the University 
specified two passes at Advanced Level for entry. 
They had all been carefully selected and many were 
quite outstanding in academic promise and personal 
potential. 

He would agree that education must not end at 
21, but it was a little unfair to expect a man to 
educate himself in his spare time. By the time he was 
25 he had family responsibilities, and industry must 
find some way of releasing him for substantial periods 
so that he could go back into education and equip 
himself with the mathematical and other tools with 
which front-line research problems were attacked. If 
we were to compete with the Continental system, post- 
graduate courses of study for selected students must 
be developed urgently. 

One disturbing feature about the technical educa- 
tion system at the moment was that until a man 
was about 25 he was taught how to apply science 
to eliminate the use of man. Automatic control 
systems gave the idea of man becoming redundant 
but by the age of 35 years, he found that an increas- 
ing proportion of his time was devoted to human 
problems, All along the line opportunity must be 
found to liberalise his education and to prepare him 
for a fuller understanding of human relationships 
which were essential to his full development. 


Mr. Marsh said that he was so full of admiration 
for what was being done at the Northampton College 
of Advanced Technology that he could not add much 
to what Dr, Tait had said. He would like to bring 
in a concept of the educational process: that an 
educated mar: should, first, be in a state of growth 





691 












all the time. If he were not something began to die 
inside him. It could be growth of different kinds— 
perhaps a new experience or job. Secondly, his skills 
had to keep on being furbished and refurbished. He 
would probably also acquire new skills. Thirdly, one 
could not do this without from time to time having a 
sense of fulfilment. Fourthly, no man was educated 
until he knew the meaning of loyalty. These things 
could be had at work, in the home or in the com- 
munity. If one could not grow at work, one could 
become a better family man or citizen and so on. 
Some of the happiest people he knew were those 
who decided they were not destined for the front-line 
and decided to put their home life first rather than 
work for a little more money or power. This was not 
cowardice but self-realisation. The foreman who said, 
“IT can go no further and will be content’, was much 
wiser than the executive who had little promise of 
advancement and would not recognise it. He was 
happier because he had a sense of fulfilment. 


Mr. E. C. Gordon England (Consultant) said that 
he had enjoyed Mr. Marsh’s Paper, but even more 
the challenge to the Institution contained in his 
formula for the future self-made man. He would 
like the Institution to tackle it as a problem to be 
solved. Some of Mr. Marsh’s wittiest thrusts should 
be taken very seriously. In industry .one could find 
self-made men who would fit admirably within Mr. 
Marsh’s specification. Ought not the Institution to 
encourage the wider production of such men? 

He happened to be interested, in a directive capa- 
city, in an adult educational establishment and in 
that connection he found a great distrust in “virtues” 
of the self-made man. This was not surprising, for if 
one looked at the popular image of self-made man 
as represented in excelsis—in Parliament !—one had 
reason to wonder whether this kind of self-made 
man was a really good thing after all. The adult 
educational establishment with which Mr, Gordon 
Ergland was connected worked for two other separate 
bodies actively concerned with adult education. One 
was in respect of the preparation of ordinands for 
the Church—in this case it was trying to give them 
an idea, outside of their special vocational training, 
of how they could fit into commercial and industrial 
life; trying to build into them some concept of what 
constituted the whole man. They were finding this 
experiment extremely helpful and useful. 

The other organisation, “Overseas Service”, was 
concerned with, and had been with great success for 
some time, the training of people, when they left the 
United Kingdom, to fit into their jobs abroad in a 
social sense. In these “Overseas Service” courses the 
wives were brought in too, so that they might also 
fit into the new social conditions which their husbands 
and they were about to experience. But this was not 
done for people remaining in this country! 

Mr. Gordon England suggested that if something 
similar could be done in the United Kingdom, half 
the trouble experienced with rising executives and 
their wives could be overcome. Might not the ever- 
green and vigorously advancing Institution help to 
foster such training in this country? 
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Mr. Marsh questioned the advisability of industry 
interviewing wives and husbands together when a 
move was contemplated, however much one might 
recognise the great upheaval sometimes caused by 
uplifting a man and his wife and placing them in a 
different social or cultural climate. The wife might be 
helped to go ahead and inspect houses, etc., but it 
would be rather up to the husband to take the. re- 
sponsibility. He must not be able to say, “The com- 
pany said that you have to do it”. 


Mr. F. A. Oakley(Member) said that many mem- 
bers of the Institution did their best throughout their 
lives to carry out what Mr. Marsh had been describ- 
ing. There was nothing really new in this world. The 
greatest thing one could aim at was the building of 
character in the home. In the self-made men of his 
youth, character and loyalty played an important 
part. He had been impressed by the work of indus- 
trial chaplains in the breaking down of frustrations. 

Everyone could not be a manager but men indi- 
vidually were important, and love and understanding 
could achieve a great deal. Given this, the self-made 
men would continue to come along, but no one would 
succeed without a creative desire to give of his best 
to others. 


Mr. A. P. Oppenheimer (Member) said that the 
description of the self-made man which they had 
been given would not prompt one to think in terms 
of teamwork. Mr. Marsh had rightly said that the 
key to success tomorrow was specialisation, and with 
the number of specialists together in a modern organ- 
isation, the need for teamwork was more real than 
ever. The job of the self-made man was to work as 
the leader of such a team, as well as sometimes a 
junior member of a more senior team led by his 
superior. The question in his mind was how the self- 
made man would be able to find a way of doing 
this successfully. 

Mr. Marsh had convinced them that excessive con- 
centration on technological training could interfere 
with managerial development. The Institution 
already recognised this and Part III of the examina- 
tion which qualifies for membership was wholly de- 
voted to management subjects, technology being 
restricted to Part II. Nevertheless, should the Educa- 
tion Committee see whether even more ought to be 
done to enable men with technological skill to 
develop into good managers? 


Mr. Marsh said that the companies to which he 
had referred earlier had come to the conclusion that 
it was easier to put technology into the broad arts 
man and let it be used sensibly, than to put liberality 
into the few technical people of character and ability 
at the top. Long years of technical training did some- 
thing to a man from which it might be difficult to 
extricate him. This was the real challenge, and on 
this matter the great Institutions should get together. 
It was the association of all these disciplines that 
created the problem in the factory. 
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On the co-operation aspect, new professional 
bodies, with perhaps less exacting standards, were 
emerging; for instance, the Institute of Personnel 
Management, with 4,000 or 5,000 members out of a 
possible 20,000. The self-made man might bring in 
a specialist such as this, and possibly learn something 
from him as well. This sort of thing had been done 
in the aircraft industry, especially, since the War. 
Today one found the personnel manager dealing with 
this kind of thing, and with selection, not so much 
with the ordinary day to day administration and 
welfare processes for which he was trained. Thanks 
to the shortage of technologists he was playing a very 
different role. These days, when companies sought a 
personnel manager they had in mind the key men 
for the future—this was where the real shortage lay 
—and not on the shop floor. As yet there was not 
much co-operation between the professional bodies 
of the technological revolution and the managerial 
revolution. 


Sir Walter Puckey (Past President), in moving a 
vote of thanks to Mr. Marsh, said that he had come 
to the platform, first, because any vote of thanks to 
a distinguished speaker should be tendered with the 
utmost dignity; secondly, because someone in the 
audience had challenged a self-made man to go on 
the platform. He thought that he might be classed 
as a self-made man. 


After reading Mr. Marsh’s Paper for the first time, 
he had felt himself to be a horrible example of un- 
skilled labour. On reading the Paper the second time, 
he had been confirmed in that belief. It was a very 
good thing that this most interesting Paper on an 
important topic had been delivered, particularly 
under the aegis of the Institution, which might in a 
way be called a self-made Institution. Its parents 
certainly got together on the basis of unholy deadlock 
and it had certainly been born. with very consider- 
able labour. In its early years it had been brought 
up by men whose University had been the university 
of life. Most of them, including himself, came up— 
or jumped up—from the shop floor, so in many ways 
the Institution fitted the popular image of the self- 
made man, Institution-wise. Therefore, it was impor- 
tant that they should on occasion critically examine 
themselves as a body and as individuals. 


He could not help feeling that at times they had 
lost sight of the purpose of the meeting. He wondered 
whether the net result of Mr. Marsh’s remarks had 
been praise of the self-made man or condemnation? 
Was the self-made man an “organisation man” or a 
dis-organisation man? Was he a man who had not 
gone to a University? Believing, as they did on the 
whole, in the self-made man, might they not say 
that the ideal manager of the future might be one 
who had not gone to the University, just as many 
of our top men in industry today had not? 


It had been interesting to hear raised the point 
that many of our technological courses were ironing 
out the individual, and the value of the individual. 
In many social institutions it sometimes seemed that 
the individual was being ironed out in favour of the 








Mr. John Marsh (left) receives from Mr. E. W. Hancock, 
O.B.E., Hon.M.I.Prod.E., Past President, a Georgian silver 
tankard as a memento of the occasion. 


organisation or the large group. Certainly, in tech- 
nology, many of the feedback control devices were 
in danger of reducing the value of the individual. 
It was right to suggest that the Dip. Tech. scheme 
was helping to restore the balance. The tendency 
towards the organisation man meant that even 
stronger measures in favour of the self-made man 
would have to be taken in future. 


He was reminded of a well-known American—a 
man with considerable “fire in his belly’ who had 
placed on the desk of all his executives the word 
“Think”. One day he asked a junior employee what 
he thought of it and was told that there was a better 
word : “Listen”. There was a lot of truth in that. The 
world was all the better for self-made men who were 
self-made men and who frequently imposed their will 
and thoughts upon other people. Also needed, how- 
ever, were those who, when necessary, could face up 
to them and say, “Listen”. As long as there were 
men with the necessary courage to do that, and 
others capable of generating that sort of reaction, we 
were not in too much danger one way or the other. 

In paying tribute to the speaker, Sir Walter was 
reminded of the lines, well known to many : 


Lives of great men all remind us 
We must make our lives sublime, 
And, departing, leave behind us, 
Footprints on the sands of time. 


The man they were honouring at this meeting 
had certainly left his mark on The Institution of 
Production Engineers. Mr. Hancock was no doubt 
delighted with the lecture and the discussion. 

Mr. Marsh too had left his mark in the annals of 
the Institution. They had been delighted by his 
humour, his wisdom and his ability, and on behalf 
of The Institution of Production Engineers, Sir Walter 
thanked him most warmly. 
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Mr. E. W. Hancock, O.B.E., said that Sir Walter 
had been correct; this evening had been just what he 
had wanted. This was a country of very intelligent 
people, in which there had already been technical 
development, Once a year at least such people should 
be able, as it were, to inject a “flux” so that the 
technical and human sides would develop together. 
Tonight that had been done. It had been plain that 
the meeting did not believe that one worked only for 
riches, Income was but a small part of real wealth. 
He had been a manager for many years, responsible 
for never less than 12,000 people (he always counted 
the wives and families) and could realise what 
“riches” there were in working, not from the “fire 
in one’s belly” but from the fire in one’s heart and 
head. The technical “fires” and the inspiration to go 
ahead would continue, but he hoped that this great 


Institution would always pause and consider the need 
for the heart as well as the head. 

Mr. Marsh had helped them tremendously in this 
and he hoped that he would always look back on this 
occasion as something that he had been pleased to 
do. Mr. Hancock said it was a wonderful thing for 
him to be at the reading of his Named Paper, and he 
was grateful to the Institution for allowing him to 
make the presentation to Mr. Marsh. 


Mr. E. W. Hancock then presented Mr. Marsh 
with a silver tankard on behalf of the Institution. 


Mr. Marsh, thanking the Institution, said it had 
been a memorable evening and he and his family 
would always treasure the memento, which he had 
been told was 213 years old. 


The meeting terminated. 
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[% considering the developments which are likely 
to take place by exploiting the potentialities of 
accurate measurement and automatic control in the 
field of production engineering, it is appropriate to 
examine the present state of knowledge against the 
background of technological development over a long 
period. Amongst the many criteria which may be 
used as the standard of measurement by which an 
assessment of man’s progress can be made, consider 
the speed at which he has been able to propel him- 
self over the surface of the earth. 

The graph in Fig. 1 shows this development during 
the Christian era and from 1912 the value which is 
plotted is the official air-speed record. The chart 
shows that for about 1,700 years no progress was 
made and it was about the middle of the eighteenth 
century when small changes began to occur. The 
upward trend which began at this time was due to 
the development by James Watt of the steam engine, 
and the following extract from the diary of an Eng- 
lish engineer, Richard Reynolds, dated October, 
1760, provides a valuable record about the state of 
production engineering, and the machine tool indus- 
try in particular, at that time :— 

“Began this day to scour the bore of a great cylin- 
der of a fire engine for drawing the water from the 


695 





88588 § 
KPH 


1280 
” 





TIME IN YEARS 





TIME IN YEARS 


Fig. 1. Speed of travel from the year 1 A.D. to 1960 A.D. 


coal pit at Elphinstone, of a bore 28 in. across, and 
in length 9 ft., the same being cast of brass and after 
much discouragement, and the spoiling of three be- 
fore, which made us of much doubt if we could ever 
succeed in a task of such great magnitude; but being 
by reason of the extremity to which the Proprietors 
of the pit were at, having to employ more than 50 
horses to discharge the water thereof, we were much 
urged to persevere, and we give great gratitude to 
Almighty God, who hath brought us through such 
fiery tribulations to an efficient termination of our 
arduous labours. 

“Having hewed two baulks of deal to a suitable 
shape for the cylinder to lie therein solidly on the 
earth in the yard, a plumber was procured to cast a 
lump of lead of about three hundredweight, which 
being cast in the cylinder, with a dike of plank and 
putty either side, did make of it a curve to suit the 
circumference by which the scouring was much 
expedited. I then fashioned two iron bars to go 
around the lead whereby ropes might be tied, by 
which the lead might be pulled to and fro by six 
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sturdy and nimble men harnessed to each rope, and 
by smearing the cylinder with emery and train oil 
through which the lead was pulled, the circumference 
of the cylinder on which the lead lay was presently 
made of a superior smoothness; after which the cylin- 
der was turned a little, and that part made smooth, 
and so on, until with exquisite pains and much labour 
the whole circumference was scoured to such a degree 
of roundness as to make the longest way across less 
than the thickness of my little finger greater than the 
shortest way; which was a matter of much pleasure 
to me, as being the best that we so far had any 
knowledge of.” 

As one further examines the chart in Fig. 1, it is 
interesting to speculate on its shape during the next 
forty years. This will bring us to the end of the 
present century. It is probable that by 1970 the pre- 
sent world air-speed record of 2,150 miles per hour 
will have become the operating speed for supersonic 
air liners operating on a commercial basis on routes 
such as the “North Atlantic”. When aircraft of this 
type are in operation it will be possible to fly from 
Europe to New York in about two and a half hours, 
which is less than the time taken to travel from the 
average place of residence to the appropriate Inter- 
national Airport, and to pass through the legislative 
and other formalities which appear to be an essential 
part of foreign travel. From this it would appear that 
when this speed becomes commonplace, there will be 
little benefit in endeavouring to obtain substantially 
higher values. As a further development of this point, 
consider the graph shown in Fig. 2. This shows 
the speed at which the 24-hour Le Mans Race has 
been won from 1906 when it was first initiated, to 
1960 when it was won at an average speed of 110.5 
miles per hour for the 24 hours, which is about two 
miles per hour slower than the speed at which the 
race was won in 1959. This graph also shows that 
there has been no significant change in the speed of 
the winning car over the past ten years. It is unlikely 
that there will be any further significant change dur- 
ing future years. 

In considering the future development of equip- 
ment such as aeroplanes, motor cars and the many 
other products which have been created and brought 
to a high standard of efficiency during the present 
century, the trends shown in Fig. 3 become of some 
importance. The curve A shows the percentage 
improvement obtained by the introduction of a new 
model in relation to the equipment which it is de- 
signed to supersede, and the curve is following the 
law of diminishing returns. Instances will occur 
where, because of some important new development 
such as the jet engine superseding the piston engine 
for commercial aircraft, a large percentage improve- 
ment will be obtained. When these outstanding devel- 
opments are viewed against a background of a long 
period of history it must be stated that the, too, will 
follow this same law of diminishing returns. This 
gradual mean trend in the direction of a smaller per- 
centage improvement is inevitable because the greater 
the improvement obtained by any new model, the 
smaller is the amount of improvement available for 
exploitation in future designs. 
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Fig. 2. Table showing average speed of winning car in 
24-hour Le Mans Race from 1906 - 1960. 


The second curve shows, on the same time basis, 
the cost of introducing a completely new model. 
The complexity of modern equipment, the high cost 
of its development and the high cost of modern tool- 
ing, makes the cost incurred by the introduction of 
a new model become increasingly higher as the years 
go by. This tendency is shown by curve B, When 
these two curves are examined in relation to each 
other for the years, say, 1920 to 1960, they show 
that for many of the products now in current produc- 
tion, the improvement obtained in relation to the 
money expended by the introduction of a new model 
in 1960 is small in relation to the benefit gained for 
the money expended in 1920, 

During the past forty years the application of scien- 
tific knowledge to the creation and the improvement 
of many products has been overwhelmingly successful. 
The improvement obtained in relation to the money 
expended will be less in the future and this will cause 
designs to remain stable for a longer period than has 
been customary in the past. One further fact which 
emerges from this analysis is that while in the past 
it was satisfactory for a product to have a short life, 
because at the end of that short period of time it 
would be obsolete and require replacement, the slow- 
ing down of obsolescence will create a demand for a 
product which will stand up to service conditions for 
a longer period. 


optimum standards of quality 

It is against this economic background that we 
should examine what are the optimum standards of 
quality. The engineering industry, as a whole, has 
been slow to appreciate that the benefits of scientific 


investigation and analysis which have been used so 
successfully in many laboratories, can be applied 
with equal success in the machine tool and industrial 
engineering laboratory where the subject under inves- 
tigation is the process of manufacture. In contrast to 
the work of the designer where most of the richest 
fruits have already been gathered, the process of 
manufacture is almost virgin territory and scientific 
workers operating in this field can make major con- 
tributions to technological progress during the next 
few decades. 

If we are to produce highly efficient equipment we 
must, in the first instance, give the designer complete 
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Fig. 3. Ratio of percentage improvement and cost incurred 
by introduction of new models. 
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freedom to state precisely what is required to ensure 
that the mechanism which he is designing will 
function perfectly. Consider the simple problem 
of a shaft running at a predetermined speed and a 
predetermined load in a bush of one inch nominal 
diameter. Under the specified conditions of loading 
and speed it can be established that the ideal clear- 
ance for such an arrangement is 0.0008 in. in dia- 
meter and this is shown diagrammatically in Fig. 4. 
The arrangement illustrated provides a condition 
whereby the rotating shaft does not come into metallic 
contact with the bush, but is supported on an un- 
broken film of oil. If the lubricating oil is well filtered 
or other means are provided to keep the bearing clean, 
wear can be made almost insignificant over a very 
long period. The commercial aspect of this is illus- 
trated in Fig. 5 which shows diagrammatically how, 
by the introduction of accurate measurement and 
automatic control and in some cases by increasing 
the manufacturing cost of the component parts by a 
small amount, a product which is of better value 
for money expended is produced. 

In spite of this the designer must accept that it is 
not possible for all parts in an assembly to be made 
so that the ideal fit is obtained on all assemblies, 
and he must state clearly the magnitude of the varia- 
tions from the ideal which he is prepared to tolerate. 

In the case under review let it be assumed that he 
agrees to the clearance being reduced to 0.0005 in. 
and increased to 0.0015 in. With this as the technical 
basis for the selection of tolerances for the shaft and 
the bush, and, with a desire to give a slightly larger 
tolerance to the bush than the shaft, he would select 
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from British Standard 1916 the standard bush toler- 
ance of | in. H 6 and the standard shaft tolerance of 
1 in. f 5. These standard tolerances 1 in. H 6 (1.0000) 
(1.0005) 
and 1 in. f 5 (0.9994) provide a fit tolerance of 
(0.9990) 
0.0006 in. to 0.0015 in. clearance, which is satisfac- 
tory because it is inside the boundary -of variation 
which the designer agreed to tolerate. This is illus- 
trated in Fig. 6, which also shows the ideal size of 
the hole as 1.0001 in. and the ideal size of the shaft 
as 0.9993 in. for the ideal fit of 0.0008 in. clearance. 
The operator responsible for the final machining of 
these parts should be encouraged to work as closely 
as possible to the ideal size and to look upon the 
boundaries of tolerance as danger posts from which 
he should keep a safe distance, because they indicate 
a size which has departed from the ideal by such a 
large amount that the part must be rejected. 

Some production engineers will claim that if toler- 
ances are considered on this basis, a series of designs 
will emerge which cannot be manufactured under 
normal production conditions. If normal production 
conditions are to be considered as giving to the 
machine operator fixed anvil plug and calliper gauges 
on which allowances for gauge makers’ tolerance and 
gauge wear have been made, and these totally inade- 
quate implements are the only means made available 
to the operator to enable him to assess the accuracy 
of the parts he is producing, it must be agreed that 
0.0004 in. on a shaft and 0.0005 in. on a hole are 
very small tolerances. If, instead of this inefficient 
arrangement, full advantage is taken of the potenti- 
alities of accurate measurement and automatic con- 
trol, the task becomes a relatively simple one. 


example of an efficient production technique 
Consider the production of the shaft to the toler- 
ance of 1 in. f 5 (0.9994) as shown in Figs. 6, 7 and 
(0.9990) 
8 with an ideal declared size of 0.9993. In the selec- 
tion of the tolerance specification as set out above, 
care was taken to consider the situation created when 
the two parts are fitted together. To control the 
quality of mechanisms made from parts taken from a 
large group by random selection, it is necessary to 
control the distribution of size on all the important 
dimensions on the parts comprising the group. In 
the case under review it is desirable that the distri- 
bution of size on the | in. f 5 diameter shaft should 
be approximately as shown in Fig. 7. It is when this 
distribution pattern is known that the production 
engineer can select a production process which will 
give the type of size distribution which is at least 
equal to, and may be better than, the one required. 
It is important that the production engineer of the 
future should plan to make the production process 
produce the parts so that they conform to this type 
of predetermined size distribution pattern. This will 
not only eliminate the need for a final 100% inspec- 
tion but, far more important, it will ensure that a 
large percentage of the parts are manufactured near 
to the ideal size and a very few near to the size at 
which they will be rejected. 
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Fig. 8. Testpiece used in experiment on automatic control 
of size. 


In the finish machining of the part shown in Fig. 8 
to a tolerance of 0.9994 in. to 0.9990 in. with the 
ideal size of 0.9993 in., let it be assumed that the part 
will be ground on a cylindrical grinder from a turned 
size of H. 1.007 in., L. 1.004 in. The grinder should 
be fitted with a controller designed automatically to 
initiate the following programme of operations as 
illustrated in Fig. 9: 


1. load part into machine and press operating 
button ; 

2. after rapid approach of wheel to work, machine 
operates on coarse in-feed and reduces part from 
size A to size B (Fig. 9); 
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Fig. 9. Operating cycle for cylindrical grinding machine 
using automatic control. 
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. when size B is detected machine changes auto- 
matically from coarse in-feed to fine in-feed; 
4. machine reduces part by fine in-feed from size 
B to size C; 
5. when size C is detected fine feed is automatic- 
ally stepped; 
6. machine reduces part during spark out opera- 
tion from size C. to size D; 


7. when size D is detected grinding wheel is auto- 
matically retracted ; 


8. part is removed from machine. 


The following tests were made to investigate if the 
target set in the case under review was attainable. 
The equipment responsible for withdrawing the grind- 
ing wheel when the correct size is detected consists of 
(a) a grinding gauge which is measuring the part 
during the grinding operation and (b) an automatic 
controller which, having received an impulse from 
the grinding gauge, will initiate the signal which 
retracts the grinding wheel. These two items of equip- 
ment were tested separately. 

Fig. 10 illustrates the grinding gauge being tested 
to investigate the degree of inconsistency of behaviour 
when placed on a rotating work-piece twenty times, 
with coolant flowing on the part in the same way as 
would be applied during the grinding operation. The 
results of this test are shown in Fig. 11. The equip- 
ment used to investigate the degree of inconsistency 
in the controller when supplied with a gradually 
changing air pressure from an air valve of the same 
type as the one fitted in the grinding gauge, is illus- 
trated in Fig. 12. A diagrammatic representation of 
the test rig and the results obtained in a series of 
twenty consecutive tests are shown in Fig. 13. The 
combined errors of these two items is well within 
ten millionths of an inch. 

These results are not exceptional, but follow natur- 
ally from the application of simple scientific principles 
to a production problem. The attainment of toler- 
ances of 0.0004 in. (400 millionths of an inch) on the 
basis of producing 80% of the parts to half this 
tolerance, and under normal production conditions 
making no scrap is, therefore, easily attainable. The 
grinding gauge, automatic controller and an auto- 
matic recorder used in a comprehensive test in the 
author’s laboratory are illustrated in Fig. 14. Fig. 15 
is a reproduction of the automatic record produced 
during the grinding of twenty consecutive parts. One 
division on the scale represents 0.0001 in. The degree 
of variation in the group of 20 parts is within 
0.0001 in. and the floor-to-floor time cycle for this 
operation was 1.2 minutes. The diagram, Fig. 16, is a 
record produced automatically showing the size dis- 
tribution on a group of 100 parts. 

The majority of machine operators who are pro- 
vided with the facilities just described and are given 
an attainable target, will co-operate in arranging to 
obtain the results which are required. 

There are two simple and very important condi- 
tions which must be satisfied if the results obtained 
in the laboratory are to be obtained in the workshop 
under normal production conditions, They are :— 
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Fig. 11. Results of test on grinding gauge. 








Fig. 10. Operator testing high precision grinding gauge. 






Fig. 14. Grinding gauge, automatic 
controller and automatic recorder. 
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op 13. Diagrammatic representations of test rig used to 
estigate accuracy of automatic controller and results 
obtained from 20 consecutive tests. 


701 



















------0 0000 
00000 













“G11 OD LN3WNYLSNI VIWOIS 








‘ON3. 











Gino eee eee on Sees Semen see ee Seeee 












iS 
5/3 z [5° 
oe SC 
Ce x c 
So 
mained So 
= ee 
o3 5 TOLERANCE =o 
ra} CE ReGREr Seon oS 


Fig. 15. Copy of record from automatic recorder. 


1. Do not sacrifice easily attainable good quality 
by trying to reduce the production costs below 
what is desirable. 

. Give the operator a target which is attainable 
and give him the means of examining for him- 
self and in considerable detail the extent to 
which he is attaining the target which has been 
set. 


Le) 


If full advantage is taken of this technique there 
will emerge a new type of craftsman who has the 
skill and, if we provide the right incentive—which is 
not only money, he will have the desire to attain the 
targets which are set. 

The example quoted above has been developed in 
some detail in an endeavour to show what is con- 
sidered to be the correct technique. for-establishing a 
tolerance and a manufacturing technique which will 
ensure parts being made well inside the limits of size 
which it has been agreed can be tolerated. There 
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Fig. 16. Copy of record from automatic recording equipment 
showing size distribution on 100 parts produced 
consecutively. 


are many cases where the procedure recommended 
for selecting tolerances would produce tolerances 
much wider than the value quoted, and it is in the 
interests of economic manufacture that these toler- 
ances should be made as large as possible. There are 
other cases where the same procedure would result 
in the creation of tolerances very much smaller than 
the example quoted. It is natural to enquire how 
small can the tolerances be made for parts produced 
on a commercial basis, From the investigations carried 
out by the author, it appears that the size detecting 
devices becoming available enable tolerances of plus 
and minus ten millionths of an inch to be held on 
parts of one inch diameter. When this degree of 
accuracy is required the size detecting device is not 
the main criterion for accuracy, but careful control 
of temperature, geometric shape and the means of 
establishing a very accurate basis of size for use by 
the person engaged on the final machining operations. 
These three items are referred to later in the Paper. 

In the example quoted above the size of each part 
was measured and the process stopped when the 
target size was detected. There are other grinding 
processes, such as through-feed centreless grinding, 
where it is only possible to detect the trend in the 
change of size and adjust the machine periodically 
to compensate for this trend which is usually due to 
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Fig. 17. Diagram of control and recording 
equipment fitted to through-feed centreless 
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wear of the grinding wheel. This technique is illus- 
trated diagrammatically in Fig. 17. The value of 
using an automatic recorder is demonstrated in this 
diagram. Most engineers would assume that the size of 
0.125 in. diameter needle rollers one inch long pass- 
ing through a centreless grinder at 500 per minute, 
would increase in size at a uniform rate due to the 
gradual wear on the grinding wheel. The author 
expected this to happen, but the recording from the 
automatic recorder showed this was not so, and that 
superimposed on the approximate uniform wear was 
a pronounced wave pattern. This was analysed by 
increasing the speed of the chart in the recorder 
as shown on the right-hand side of the diagram. It is 
by analysing data of this type that a higher standard 
of performance in the field of engineering manufac- 
ture can be established. The results obtained from a 
test run with this equipment is illustrated in Fig. 18. 
All the parts produced during any one of the three 
settings of the machine are well inside the tolerance 
of 0.0001 in. and the majority are inside a tolerance 
of 0.00005 in. 
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The above theme could be developed further if 
required, but one doubts the need for this, because 
sufficient evidence is now available to show conclu- 
sively that the provision of control equipment which 
will send out the required signal when a predeter- 
mined size condition has been established is available. 
The main need now appears to be to develop a 
degree of co-operation between manufacturers . of 
such equipment, the machine tool industry and the 
users of machine tools, which will enable this equip- 
ment to become integrated into the manufacturing 
process so that a high degree of reliability and con- 
fidence in the equipment and the technique can be 
established. So co-operation would be to the imme- 
diate benefit of everyone concerned. The high degree 
of repeatable performance easily attainable in many 
manufacturing processes by the techniques recom- 
mended has brought into prominence the importance 
of controlling temperature, geometric shape and 
establishing an accurate basis of size for use in setting 
the measuring device used for controlling the size of 
the final machining operations. 
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TEST RUN ON CHURCHILL No.2 CENTRELESS GRINDER. 
FITTED WITH SIGMATROL CONTROLLER MODEL No. SL.IIO/ B 
RATE OF GRINDING. 500 COMPONENTS PER MINUTE [APPROX I6FT PER MINUTE) 








EACH CHECK CONSISTS :- DIAMETER OF 7 NEEDLES TAKEN AT 5 MINUTE INTERVALS 
GRAPH PLOTTING POINTS = 2500 COMPONENTS. 
TOTAL No OF COMPONENTS = 120000 


TOTAL VARIATION IN SIZE OF ANY GROUP OF SEVEN COMPONENTS IN 35 GROUPS 
NEVER EXCEEDED O0-00002 


Fig. 18. Diagram showing size of parts produced on centreless grinder. 
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Fig. 19. Refrigerator unit with automatic controller used to 
control temperature of coolant on cylindrical grinding 


machine. Fig. 20. Circuit diagram of cooiant used en cylindrical grinder. 
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control of temperature 

As the demand for accuracy increases, there has 
been created a demand for controlling the tempera- 
ture of the part being produced during the particu- 
lar manufacturing operation in which very accurate 
size control is required. The experiments carried out 
on the cylindrical grinding machine used in the above 
experiments provides an interesting example of how 
control of temperature can substantially increase the 
accuracy of the finished product. When the machine 
was used by the skilled operator shown testing the 
yrinding gauge illustrated in Fig. 10, and the indicator 
shown was used to indicate when, by manual control, 
the part had been reduced to the correct size, it was 
possible to stop the grinding operation at the target 
dimension within plus and minus five millionths of an 
inch. When the grinding wheel and with it the cool- 
ant were withdrawn from the workpiece and the part 
became the same temperature as the room, the dia- 
meter changed by a reduction of size varying from 
-0.0001 in. to —0,00025 in. This error has been 
reduced to plus and minus ten millionths of an inch 
by adjusting the controller of the refrigerator unit, 
which is fitted in the circuit of the coolant supply, 
as shown in Figs. 19 and 20. 

When tolerances of less than 0.0001 in. are re- 
quired on work-pieces of approximately one inch 
diameter, it is desirable that the grinding machine be 
used in a room where the temperature is kept under 
close control or where the temperature changes at a 
very slow rate. The technique used for maintaining 
the coolant at the required temperature is to set the 
control switch shown in Fig. 19 so that when the 
grinding wheel, and with it, the coolant supply, is 
withdrawn from the workpiece the indicator attached 
to the grinding gauge, as shown in Fig. 10, shall con- 
tinue to register the same size as was shown when the 
coolant was flowing over the work and, incidentally, 
over the measuring arms of the grinding gauge. T’or 
extreme accuracy and as a means of assisting in the 
control of geometric shape, it is desirable that in 
addition to the precautions described above a refri- 
gerator unit should be incorporated in the circuits for 
the fluid in the hydraulic system and the lubricating 
oil. The refrigerator units for the hydraulic fluid and 
the lubricating oil should be adjusted so that these 
are maintained at the same temperature as the 
ambient temperature of the room in which the 
machine is installed. 

If full temperature control is not possible the fol- 
lowing technique may be used for the production of 
high precision parts which are seriously affected by 
temperature : 


1. after turning, heat treatment, and preliminary 
stabilising, rough grind to dimensions shown in 
Fig. 21; 

2. stabilise: 

3. intermediate-grind to tolerances shown in 
Fig. 21; 

4. after part has been in the standards room and at 
uniform temperature for a minimum of one day, 
make very careful measurements of each dimen- 
sion requiring finish-grinding, and tabulate the 
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Setting Master 
Component made to nominal dimensions 
Tt ' Finish- Intermediate- Rough- 
Dimen-| Size and grind grind grind 
sion tolerance size tolerance tolerance 
4-622 | 4.6217 4-628 
| 4-620 4-621 4-6215 4-626 
7 4-372 aie i 4-3717 7 4-378 
2 4-370 4-371 4-3715 4-376 
4:278 means 4:2777 4-284 . 
3 4-276 4-277 4-2775 4-282 
Finish-grind Measured Metal to be 
Dimensions size size removed 
4-62100 | 4-62159 | 0-0005 9 
2 4-3710 0 43716 2 0-0006 2 
3 4-2770 0 4-2776 6 0-0006 6 














Fig. 21. High precision setting master. 


results to the nearest 0.00001 in. as shown in 
Fig. 21; 

5. place the part in the grinding machine and allow 
coolant to flow over the part as will occur dur- 
ing the finish-grinding operation; fit grinding 
gauge as shown in Fig. 10 and allow part to run 
as shown until for a period of 4 min, there is 
no observable change in size of the part as shown 
by the indicator ; 

6. set the indicator to read a value corresponding 
to the amount of metal to be removed as shown 
in Fig. 21; 

7. very carefully, and without causing the part to 
increase in temperature, reduce the size of the 
part until the indicator reads zero; 

8. repeat operations 6 and 7 for all other dimen- 
sions requiring finish-grinding; 

9. transfer the part to standards room and after 
about 24 hours, when the part is at the standard 
temperature of the measuring room, inspect all 
important diameters. 
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THE SURFACE OF THE SHAFT SHALL BE WHOLLY WITHIN TWO CONCENTRIC 
CYLINDERS 250 INCHES LONG AND WHOSE DIAMETERS DIFFER BY 0.0004 INCH 


AND THE DIAMETER OF THE LARGER CYLINDER SHALL BE 09994 INCH 


Fig. 22. Ideal cylinders representing boundaries of tolerance. 


control of geometric shape 

Only small reference can be made in the present 
Paper to the techniques which may be used for the 
control of geometric shape, but it must be said that 
machine tool spindles do not rotate about fixed axes 
and the slides of machine tools do not move along 
straight lines. The advent of accurate measurement 
and automatic control has created:a situation where 
errors of form, which ten years ago were considered 
of little commercial importance because they were a 
small percentage of the total work tolerance, are now 
of paramount importance. They are, in fact, prevent- 
ing the attainment of the small tolerances which have 
always been necessary and which, apart from errors 
of form, could now be achieved with ease and very 
little additional cost. The machine tool industry 
must examine this problem at once and in detail. 


Fig. 23. Lobed figure of a type acceptable 
when inspected by the Taylor principle but 
outside the tolerance boundaries as defined 
in Fig. 22. 






























The scientific analytical investigation which this 
Paper is designed to encourage can make a major 
contribution to the solution of this increasingly 
important problem. As one example of what can be 
achieved, Fig. 30 shows an internal measuring 
machine, the slide of which is supported on a film 
of high pressure air 0.0004 in. thick. The mating 
parts of this slide contain errors of straightness of 
0.0002 in. but the integrating effect of the 0.0004 in. 
thick air film provides a guide which causes the slide 
to move along a line which is straight to within 
0.00002 in. over four inches. 

The need to apply a strict control over geometric 
shape necessitates a reassessment of the methods 
used for applying tolerances to this increasingly 
important characteristic of geometric shape. The 
boundaries of tolerance for the cylindrical part as 
shown in Fig. 8 could be interpreted as illustrated 
by Fig. 22. The inspection of a part to the condi- 
tions specified in Fig. 22 is a very complicated pro- 
cess and under normal commercial conditions is 
impracticable. The method known as the “Taylor 
Principle” after its originator, W. Taylor of Leicester, 
England, is an attempt to satisfy this condition. This 
principle states that a full form gauge, which in the 
case under consideration would be a ring gauge, shall 
be used for the maximum metal condition and a two 
point gauge, which in this example would be a caliper 
gauge, shall be used for the minimum metal condi- 
tion. The Taylor principle is not satisfactory for 
some applications for the following reasons : 
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(The Canadian yard was defined as O-9144 metre in 1951) 


1. there would be considerable difficulty in manu- 
facturing the long ring gauges to the very high 
standards of accuracy which would be required; 

2. the diagram Fig. 23 shows that the surface 
of a lobed part could be outside the boundaries 
of tolerance as shown by the ideal cylinders, 
but inside the tolerance as inspected by the 
Taylor Principle of inspection; 

3. the operating conditions of some mechanisms 
require separate and very small tolerance for 
geometric shape in addition to a much wider 
tolerance for mean size. 


In contrast to the above there are many parts on 
which the tolerance which is stated for diameter is 
not intended to satisfy the Taylor Principle, or the 
boundaries of tolerance as shown by Fig. 22. 

A detailed examination of all the circumstances, 
arising mainly from the increased tendency for de- 
signers to specify small tolerances, indicates that 
where the control of geometric shape requires the 
introduction of the Taylor Principle or some more 
exacting method of control, this should be stated on 
the drawing. 

When the requirements for geometric shape are 
known, it will be possible for the machine tool indus- 
try to produce machine tools which will manufacture 
parts which will satisfy the specification. This will 
necessitate the introduction of new types of slides 
and spindles, the operating principles of which are 
already known. The inspection of errors for geometric 
shape may be a long and, in some cases, a complex 
operation, but it seems probable that under normal 
conditions it will only be necessary to carry out a 
small percentage inspection on these features, 


settlement of disputes 

The system of limits and fits used in the majority 
of the metric using countries throughout the world 
are based on a document known as Bulletin 25 which 
was issued in 1936, This comprehensive publication 
provides tolerances suitable for a very wide range of 
applications and in addition makes recommendations 
on gauge tolerances and methods of gauging. The 
purpose of these detailed recommendations was an 
attempt to overcome some of the difficulties associated 
with the problem of declaring the time size of parts 
whose size was known to be very near the boundaries 


of the tolerance zone, and whose assumed size may 
be the subject of a dispute between the supplier and 
the customer. 

The information on gauging methods as set out in 
Bulletin 25 has been of considerable value over many 
years and in the revision of the standard now being 
carried out these recommendations are being subject 
to critical re-examination. This detailed survey in- 
cludes amongst other things a consideration of what 
contribution can be made to this problem by modern 
measuring techniques. 

If a representative group of parts manufactured 
under normal production conditions are inspected on 
several features for size and geometric shape, it will 
be found that it is the errors of geometric shape and 
not errors of measurement which prevent the size of 
the feature being declared as a single dimension. It 
is against this background that a reassessment should 
be made of the significance of the boundaries of 
tolerance selected by the designer. What he requires 
in the majority of cases is a satisfactory fit between 
two mating parts. He is much more likely to obtain 
this if, in addition to indicating the precise bound- 
aries of tolerance which he has selected from a table 
of standard tolerances where the values available in- 
crease in steps of approximately 60°/,, he also requests 
that some control be exercised over the size distri- 
bution in the parts comprising the group under con- 
sideration. From a technical standpoint, it is indisput- 
able that if the size distribution is satisfactory and the 
majority of the parts are near the ideal size, with 
very few near the size at which they would be re- 
jected—and the same conditions apply to the mating 
parts into which the inspected components will fit 
more latitude can be allowed than, would be desirable 
if the size distribution showed a large percentage of 
the bulk supply near the tolerance boundaries. If the 
customer is desirous of obtaining an accurate assess- 
ment of the quality of a group of parts which have 
been supplied, he is recommended to proceed as 
follows : 


1. inspect a large sample of parts by manual, semi- 
automatic, or fully automatic means and obtain 
a size distribution diagram of the type shown in 
Fig. 16, and at the same time segregate those 
parts whose size appears to be within 10% of 
the tolerance boundaries; 
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Value of Imp.-Std. yard Value of one inch 
Date expressed in mm. expressed in mm. 
1895 914-3992 08 | 25-3999 78 
1922 914-3984 16 | 25-3999 56 
1932 914-3982 00 | 25-3999 50 
1947 914-3975 16 | 25-3999 31 
- a 914-4000 00 | 25-4000 00 
TABLE | 


METRE-YARD RELATIONSHIP 


nh 


. re-inspect the small number of segregated parts 
with care and thoroughness for size and for 
geometric shape; 

3. from the detailed information obtained from 

(2) decide which parts can be accepted and 

which rejected. 


When considering the difficult decision to be made 
in (3), it is unlikely that errors of measurement will 
be considered of any significance. The much more 
difficult problem will be to act wisély from examin- 
ing the complex data presented. Just as in a court of 
law complex problems require wisdom for settlement 
of guilty or not guilty so it is in metrology; rules alone 
cannot solve this problem. 


the basis of size 

By Act of Parliament passed in London in 1878, 
the Imperial Standard Yard was, and still is, defined 
as the distance between two fine lines scribed on gold 
inserts pressed into a bronze bar, it being specified 
that the bar must be supported in a specified manner 
and maintained throughout at a specified tempera- 
ture. The Act also required that the yard should be 
remeasured every ten years and the new size thus 
established be accepted as the new Imperial Standard 
Yard, The reason for specifying that the yard be re- 
measured every ten years was that it was thought that 
because of improved methods of measurement, the 
new size thus established would be a more accurate 
assessment of the true size than was obtained by 
earlier measurements. 

The chart shown in Fig. 24 illustrates that the 
errors in measurement during the past 50 years have 
been very small, and that a much more serious prob- 
lem has been the magnitude of the continuous change 
which has taken place in the length of the Standard 
Yard during the period 1895 to 1958. This chart also 
shows that the length of the American Yard is 
greater than the Imperial Standard Yard, and the 
new International Yard is about midway between 
the British and the American standards. 

The International Prototype Metre was established 
in 1880. It is made from 90% platinum, 10% iridum 
alloy, and measurement of its length by reference to 
the wavelength of monochromatic light shows that it 
has remained remarkably stable during a period of 
about 50 years. The situation thus created, where 
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the Imperial Standard Yard was changing in length 
at a uniform rate while the International Prototype 
Metre was remaining remarkably stable, not only 
altered the declared size of the Imperial Standard 
Yard but also the Yard-Metre relationship, as shown 
by Table 1. The National Physical Laboratory took 
note of this difficulty in 1932 and from 1922 has 
used the size of the yard as established by the meas- 
urement of that year for the certification of all meas- 
urements required for science and technology from 
that date to the Ist July, 1959. 

The problem of accurately maintaining inter- 
national uniformity in length measurements was 
further complicated by the difference in size between 
the American and British yard. This difference has 
caused considerable inconvenience in countries such 
as Australia and Canada, where some firms were 
likely to purchase slip gauges for reference purposes 
from Great Britain, while other firms in the same 
countries would purchase their standards for refer- 
ence purposes from the United States of America. 
These difficulties caused Canada to anticipate the 
adoption of the International Yard, and in 1951 she 
adopted the conversion factor for the yard as one 
yard being equal to 0.9144 metre, as shown in 
Fig. 24. The International Yard has now been estab- 
lished in the following terms by the six participating 
countries, and its adoption has helped considerably in 
obtaining international agreement on matters where 
high standards of measuring accuracy are required. 


the yard and the pound for science and 
technology 
“The Directors of the following Standards Labora- 
tories :— 
Applied Physical Division, National Research 
Council, Ottawa, Canada; 
Dominion Physical Laboratory, Lower Hutt, 
New Zealand; 
National Bureau of Standards, Washington, 
United States; 
National Physical 
United Kingdom; 
National Physical Research Laboratory, Pretoria, 
South Africa; 
National Standards 
Australia; 
have discussed the existing difference between the 
values assigned to the yard and to the pound in 
different countries. To secure identical values for 
each of these units in precise measurements for 
science and technology, it has been agreed to adopt 
an international yard and an international pound 
having the following definitions :— 


Laboratory, Teddington, 


Laboratory, Sydney, 


The International Yard equals 0.9144 metre; 
The International Pound equals 0.453 592 37 
kilogramme, 


It has also been agreed that, unless otherwise 
required, all non-metric calibrations carried out by 
the above laboratories for science and technology on 
and after Ist July, 1959, will be made in terms of 
the international units as defined above or their 
multiples or submultiples. 
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The above announcement was made concurrently 
by all the laboratories listed above. 

A further development of the above standardisation 
is the international standardisation of the wavelength 
of certain monochromatic sources of light. It has been 
agreed internationally that one metre shall equal 
1,650,763.73 times the vacuum wavelength of the 
orange, red radiation of the single isotope of Krypton 
of atomic mass 86. 


basis of size in engineering organisations 

The basis of size used by the majority of the engin- 
eering organisations is an end gauge usually referred 
to as a slip gauge. A very accurate measuring tech- 
nique has been developed and perfected by the 
National Physical Laboratory for comparing the size 
of slip gauges having end measuring faces with the 
recognised international line standards. It is also 
possible by interferometry to determine the distance 
between the end faces of slip gauges by direct mea- 
surement to a declared accuracy of one millionth of 
an inch or one part in two million, whichever is the 
greater, and in these calculations the size is estimated 
to about 1/10th of this figure. 

The establishment of the International Yard with 
the resulting uniform conversion between the metre 
and the yard, and the use of the wavelength of light 
as a fundamental and direct means of measuring the 
size of high precision slip gauges, provides the means 
whereby a highly accurate basis of measurement in 
both metric and inch sizes can be provided without 
difficulty in any part of the world. The type of instru- 
ment which may be used for this basic and funda- 
mental measurement by means of interferometry 
where the wavelength of light is the only measuring 
medium is illustrated in Fig. 25. The degree of 
accuracy which is attainable by using this technique 
on a normal commercial basis may be judged by the 
data given in the chart shown in Table 2. This 
schedule records the errors in millionths of an inch, 
declared by the National Physical Laboratory to exist 
in a set of 81 slip gauges purchased commercially in 
the normal manner, and made to inch sizes by a firm 
in a metric using country. 


Fig. 25. Interferometer for determination of 
size on slip gauges. 


TABLE 2 
Errors in Set of 81 Slip Gauges measured in a Central 
Position and at 20°C (68°F). Unit of Measurement in 
Millionths of an Inch 








Nominal Nominal Nominal 

Size Error Size Error Size Error 

in. es in. in. 

0-100! +1 0-119 +] 0-146 +2 
0- 1002 +1 0-120 +2 0-147 +1 
0- 1003 +1 0-121 —I 0-148 +41 
0- 1004 0 0-122 +1 0-149 0 
0- 1005 0 0-123 0 0-05 0 
0- 1006 0 0-124 2 0-1 —2 
0- 1007 +I 0-125 0 0-15 +I 
0- 1008 0 0-126 0 0-2 0 
0- 1009 0 0-127 —| 0-25 +2 
0-101 +4 0-128 +1 0-3 +2 
0-102 | 0-129 +2 0-35 + | 
0-103 +1 0-130 0 0-4 0 
0-104 +2 0-131 +3 0-45 0 
0-105 2 0-132 +3 0-5 +2 
0-106 +1 0-133 0 0-55 L | 
0-107 +2 0-134 —| 0-6 +3 
0-108 0 0-135 +I 0-65 | 
0-109 +1 0-136 - 0-7 +2 
0-110 +] 0-137 0 0-75 +5 
0-111 0 0-138 +2 0-8 +2 
0-112 0 0-139 +] 0-85 +3 
0-113 +1 0-140 +1 0-9 +2 
0-114 0 0-141 +] 0-95 +5 
0-115 +2 0-142 +2 1 5 
0-116 +1 0-143 0 2 28 
0-117 +2 0-144 0 3 36 
0-118 0 0-145 +I a 34 


























TABLE 3 


RECORD OF CALIBRATION OF SLIP GAUGES 


Unit of error in millionths of an inch 
Tabled from N.P.L. Certificates Box No. K52 





Calibration ” Sept. | Nov. | Aug. }| Calibration Oct. j - | Nov. | Aug. 
Dates 1951 Dates 1939 1953 1955 
Nom. Size Nom. Size a 
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SUITABLE MAGNIFICATIONS OF COMPARATORS FOR CHECKING 
WORKPIECES MADE TO THE ISO SYSTEM OF LIMITS AND FITS. 
Fig. 26. 


The chart shown in Table 3 illustrates the original 
errors and the magnitude of the changes which have 
taken place in a set of 81 slip gauges which have been 
in constant use for the purpose of certifying the size 
of other slip gauges during the period October, 1939, 
to August, 1955. This set of gauges has been ex- 
amined by the National Physical Laboratory on six 
separate occasions and the data obtained from these 
examinations is summarised in the table. The degree 
of reliability that can be expected from a set of slip 
gauges kept solely for the purpose of certifying 
secondary sets of gauges can be obtained from a 


detailed study of the data in the table. In the 462 
measurements made on gauges below | in., the 12 
measurements marked with a bold rectangle show 
that during periods varying between 2 and 5 years, 
one gauge changed three millionths of an inch, 6 
have changed two millionths and 5 have changed one 
and a half millionths. The remaining 450 measure- 
ments show that during these relatively long periods 
the changes due to wear, structural transformations 
in the material, and errors of measurement during 
calibration have resulted in the declared changes of 
size between two consecutive measurements being a 
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Fig. 27. Setting master for parts produced in experiments 
described in the Paper. 


maximum of one millionth of an inch. In addition, 
the | in. gauge is recorded as having changed four 
millionths of an inch in four years, the 2 in, gauge 
three millionths in four years, the 3 in. gauge four 
millionths in five years and the 4 in. gauge seven 
millionths in five years. 

Table 3 also shows that the changes in size 
which may be expected to occur over a_ period 
of years is not always a reduction in size due to gauge 
wear. Certain gauges have increased in size and this 
alteration is probably due to changes in the internal 





Fig. 29. Measuring instrument fitted with back-stop used to 
inspect parts whose manufacture is described in the Paper. 
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Fig. 28. Scale of measuring instrument used to inspect parts 
described in the Paper. 


structure of the material. This evidence must not be 
taken as a reliable indication that structural changes 
in a material always cause the part to increase in size. 
In the case of the Imperial Standard Yard, as shown 
in Fig. 24, the structural changes in this material 
have caused the bronze bar from which the standard 
is made to become shorter and at a uniform rate 
during a period of about 50 years. 

Any engineering organisation desiring to undertake 
manufacture on a universally interchangeable basis 
can expect to obtain reliability at least equal to that 
recorded above. The improved facilities which are 
now available, and others which are likely to become 
available in the near future, will provide a standard 
of stability superior to that shown in the example 
cited. By using known techniques where the errors in 
slip gauges as declared by the National Standardising 
Authority can be allowed for when measuring 
secondary sets of slip gauges, it is possible to pass 
into the working area sets of slip gauges whose errors 
are declared to an accuracy of five millionths of an 
inch. 


measuring instruments and calibrated setting 
masters 

It is the duty of management to place at the dis- 
posal of the workmen from whom they expect to 
receive accurate work, the most convenient means of 
production which can be provided and which is eco- 
nomically justifiable. Included in such facilities 
should be the means whereby the workmen can 
observe the magnitude of the changes in size which 
occur as production proceeds and which, in most 
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Fig. 30. High precision internal measuring 
machine. 


cases, are inside the work tolerance. The magnifica- 
tion of the measuring instrument which is recom- 
mended for a wide range of tolerances is shown in 
Fig. 26. The standards of accuracy of the measuring 
instruments should be as follows :— 





Maximum Allowable Value 
expressed as percentage of 


Type of Error work tolerance 





Repeatability of Reading ... és =: 2% 
Accuracy of Scale ... bes ae = 2% 
Rigidity of Comparator... day = 2 
Observational Error aes ” =. 3% 
Error of accepted size of Setting 

Standard ... ie ey a + 2% 
Orife.. x< eee ane wae pe AS 











the use of calibrated setting masters 

One method for placing an accurate and conveni- 
ent basis of size at the disposal of the operator is to 
provide him with a setting master which should be 
made as near as possible to a target dimension situ- 
ated midway between the tolerance boundaries or, 
alternatively, as near as possible to the ideal size of 
the finished part, if this ideal size is known. When 
the setting master is finish machined, it should be 
passed into the standards room for measurement and 
the issue of a chart of the type shown in Fig. 27. 

The drawing in Fig. 27 shows the following three 
significant dimensions :— 


1. The ideal size of the part. 

2. The amount by which the setting master differs 
from the ideal size. 

3. The maximum amount by which the size of the 
part can exceed the ideal size and still be 
acceptable. 

4. The maximum amount by which the part may 
be smaller than the ideal size and still be 
acceptable. 





With the above data as a basis the measuring 
instrument selected for the workman to use at the 
machine can be selected from the chart in Fig. 26. For 
tolerance IT5 on a nominal diameter of one inch, 
the magnification should be 5,000. Fig. 28 illustrates 
the scale of an instrument of this magnification. The 
zero line on the instrument scale is used to indicate 
the ideal size and the tolerance markers indicate the 
maximum deviation in a plus and minus direction 
which can be tolerated. The dimension minus 
0.00005 in. is marked on this diagram to indicate 
the position on the scale where the pointer should 
rest when the instrument is measuring the calibrated 
setting master. For ease of operation and as an aid 
to rapid and accurate measurement, a back stop 
should be fitted to the instrument as illustrated in 


Fig. 29. 


manual and automatic positioning devices 

The machine illustrated in Fig. 30 is an interest- 
ing example of the ease with which it is possible to 
place a slide in any required position to a very high 
degree of accuracy over a distance of four inches. 
The machine incorporates a scale on which 401 lines 
are engraved at a distance of 0.010 in. apart. The 
lines are observed by a photo-electric microscope 
and when one of the lines is one millionth of an inch 
away from the optical axis of the microscope, the 
signal from the microscope causes the beam of a 
sensitive galvanometer to be deflected 0.200 in. 
on an engraved scale. By the arrangement shown in 
Fig. 31 the one inch travel of the non-rotating anvil 
of the micrometer causes the scale to move 0.010 in. 
which is the distance between the engraved lines. One 
division on the micrometer drum which represents a 
movement of the micrometer anvil of 0.0001 in. 
causes the engraved scale to move one millionth of 
an inch. The mechanism for moving the scale was 
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Fig. 31. Arrangement for moving scale on internal measuring machine. 


operated twenty times to test the accuracy of repeat- 
ability and all the readings were within a band corre- 
sponding to less than one millionth of an inch. The 
errors in the spacing of the lines on the engraved 
scale and in the mechanism used for moving the scale 
can be determined and calibration values established 
by direct interferometry to an accuracy of one 
millionth of an inch, The complete equipment, there- 
fore, provides the means of moving an air lubricated 
slide over a distance of four inches to an accuracy 
of about three millionths of an inch, or two parts in 
a million, whichever is the greater. 

By fitting binary scales to a suitable gear train, 
which can be arranged to rotate the micrometer 
drum, it is possible to arrange for the machine to go 
through any predetermined programme of move- 
ments to a high standard of accuracy. In the 


Fig. 32. High precision jig 
borer incorporating high 
precision scales and photo- 
electric microscope for 
automatic setting. 


machine, as designed, the slide will move through a 
distance which is related to the size of the ring gauge 
being measured, and the measured size of the gauge 
can be displayed on a panel or printed out by an 
electric typewriter. It is possible to develop a two or 
three dimension co-ordinate measuring machine on 
this principle. 

It is probable that the combination of the photo- 
electric microscope with a high precision scale will be 
introduced to an increasing extent in high precision 
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Fig. 33. Autocollimator fitted with 
photo-electric microscope. 


measuring and manufacturing equipment. The manu- 
facturer of a well-known jig borer has introduced 
this technique on a new range of jig borers, and, as 
an alternative, has used almost the same equipment 
for the construction of three dimensional measuring 
machine, as illustrated in Fig. 32. 

The photo-electric microscope previously referred 
to has been used to good effect, as shown in Fig. 33, 
by increasing the accuracy of measurement attainable 
by autocollimator. The error of reading has been 
reduced to about one quarter of that which is obtain- 
able under carefully controlled conditions, with a 
good quality optical system. 

In addition to the very high precision work re- 
ferred to in the Paper, there is a real need for the 
development of techniques which will provide a 
higher standard of precision in the methods used for 
positioning the metal cutting tools used in a wide 
variety of manufacturing operations, From the many 
machines which could be used to illustrate this tech- 
nique, the simple centre lathe will provide a satisfac- 
tory example. Fig. 34 illustrates an arrangement for 
measuring to a high degree of accuracy small move- 
ments on the cross-slide on a centre lathe. The tech- 
nique used is to operate the machine in the normal 
manner until the part is about 0.005 in. above 
finished size. With a free cutting tool, take a further 
cut which will reduce the diameter to about 0.002 in. 
above finished size. Withdraw the main saddle of the 
machine without disturbing the setting of the cross 
slide. Measure the part with a high precision calliper 
gauge which with its associated indicator should give 
readings accurate to about 0.00001 m. Let it be 
assumed that such a measurement indicates that a 
diameter must be reduced by 0.00264 in. to bring 
the part to finished size. This measurement shows that 
the radius of the part must be reduced by 0.00132 in. 
By the arrangement shown in Fig. 34 adjust the 
micrometer screw until the indicator attached to the 
measuring unit reads + 0.00132 in, Adjust the slide 





until the indicator reads zero. Take the final cut at 
the speed and feed used for the previous cut. The 
table attached to Fig. 34 shows the departure from 
standard on seven test pieces which were turned on 
a high precision centre lathe of standard design using 
the above technique. This principle can be applied 
to the finish machining of bores, depths, etc., and 
most complex forms can be produced to a high 
standard of accuracy by this method. 

In considering the use of the above technique, it 
is important to take special care to ensure that the 
tool is cutting freely and, in particular, that there is 
no tendency for a “built-up-edge” to be produced. 
The diagrams shown in Fig. 35 are extracts from a 
film taken at four thousand frames per second show- 
ing the formation of a built-up-edge. The complete 
film from which these frames are taken showed that 
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Fig. 34. Setting device fitted to standard centre lathe. 
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NO BUILT UP EDGE 
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BUILT UP EDGE PARTLY FORMED 
TIME O-OO2 sec. 


LINE OF SHEAR 


BUILT UP EDGE FULLY FORMED 


TIME O-OIO sec. 











Fig. 35. Built-up edge forming on turning tool. 


a built-up-edge was formed on four separate occa- 
sions and carried away with the chip during the 
machining of a test-piece in which the tool travelled 
a distance of ten inches. In one'of the preliminary 
tests using the above technique, the results were 
found to be very unsatisfactory. Detailed investiga- 
tion showed that the Gause was the built-up-edge 
being formed occasionally during the finish machin- 
ing operation. This was due to the tool used for the 
finish turning operation having a large amount of 
side rake but no front rake. The tool was replaced 
by one having about 20° front rake and the results 
shown in Fig. 34 were obtained. 


moiré fringes for:linear and radial gratings 

No survey on automatic position devices would be 
complete without some reference to moiré fringes. 
The techniques used by firms manufacturing the elec- 
tronic equipment and the machine tools using this 
system has been widely publicised, and it is thought 
that no detailed explanation of the techniques used is 
necessary in the present Paper. The more recent de- 
velopment in the use of moiré fringes has been to 
use radial gratings to control the relative position of 
two rotating members. One example of this is illus- 
trated in Fig. 36, where the moiré fringe technique 
is used to provide accurate synchronisation between 
the rotation of the spindle carrying the grinding 
wheel, and the table carrying the gear in a high pre- 
cision gear grinding machine. 

In the manufacture of high precision gears, one 
of the main sources of error in the finish grinding of 
the tooth profile by the generating process is the lack 
of true synchronisation between the movement of the 
grinding wheel C, Fig. 36, and the gear D. The 
present arrangement for ensuring synchronisation 
between these two elements is to use a gear train 
between the spindle 3 carrying the grinding wheel, 
and the shaft F carrying the single start worm 
through which the table G carrying the gear D is 
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driven. By using an electronic control it is possible 
to arrange for the slave motor H connected to the 
single start worm to be driven at a speed which 
causes the number of radial gratings passing the 
sensing head associated with disc B to be the same 
as the number of radial gratings passing the sensing 
head associated with disc A. 

In considering the grinding of gears of very high 
precision, it is recognised that the arrangement des- 
cribed may include some error, due to the inaccuracy 
of the worm and wormwheel combination. This can 
be reduced to a very small value by measuring to a 
high degree of accuracy the magnitude of the error 
in the worm and wormwheel combination and 
arranging for the radius to the surface of a disc type 
cam, J, which rotates at the same speed as the 
machine table G, to change in sympathy with the 
known errors of the worm and wormwheel combina- 
tion. This can then be arranged to cause the sensing 
head K to move through an angle which is in sym- 
pathy with the measured error and this causes disc B, 
and with it the slave motor, to move at a speed which 
ensures the table G rotating in true synchronisation 
with the grinding wheel C in spite of the errors in 
the worm and wormwheel combination. 

One further requirement in a machine of this type 
is that the grinding wheel, C, should be brought into 
accurate angular location with the gear being ground. 
This adjustment should be carried out to a high 
degree of accuracy to ensure that a uniform amount 
is ground from the two flanks of the gear tooth. A 
single contact cam L on the shaft carrying the grind- 
ing wheel C impulses a powerful stroboscope lighting 
unit which provides a flash of short duration for each 
revolution of the grinding wheel. This arrangement 
has the effect of causing the grinding wheel and the 
gear being ground to appear stationary. By observing 
through a closed circuit television unit the profile of 
the grinding wheel in relation to the gear being 
ground, and by manually adjusting the sensing head 
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K, it is possible to bring the grinding wheel into 
mesh with the gear while both are rotating at normal 
grinding speed. 

The replacing of a gear box by an electronic unit, 
as described in the above example, emphasises the 
need for engineers of the future to be trained in the 
basic sciences associated with both mechanical and 
electrical engineering. 


final recommendations 

The picture painted by the present Paper is of a 
situation where by the application of known scientific 
knowledge to certain manufacturing problems it 
would be possible to obtain a substantial improve- 
ment in efficiency. This should not be taken as an 
indication that it is only necessary to purchase a com- 
prehensive range of measuring instruments and con- 
trol equipment in order to obtain this improvement. 
The real need is not for equipment, but for men 
who can operate so near to the manufacturing unit 
that they can appreciate all its practical implications 
and, in addition, have a good understanding of the 
basic sciences underlying the technology of engineer- 


ing manufacture and the philosophy of measurement 
and automatic control. 

The engineering industry requires well trained 
engineers who have the ability to apply this known 
scientific knowledge to the needs of industry. It is un- 
fortunate that the management of many companies 
and the production engineers who are grappling with 
the day-to-day problems of industry and who, in 
many cases, are said to have “come up the hard 
way’, do not appreciate the immense benefits which 
can be obtained by a suitable combination of applied 
science and practical experience. 

One final word of warning. At the end of the 
present decade, machine tools, control equipment and 
other technical devices will have been developed to 
such a degree of perfection that there will be avail- 
able a mechanism which is suitable for doing most of 
the things which it is really necessary for us to do to 
ensure that the people of this and many lands enjoy 
a high standard of living. The one outstanding 
requirement will be the need to improve man’s 
behaviour towards his neighbour. This is a problem 
which is worthy of detailed study on a national and 
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Fig. 36. Electronic drive for table of high precision gear grinder. 
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think that by automation the machine operator 
becomes a person of little or no importance who 
merely loads the machine, presses buttons, and pulls 
levers. As the technique of engineering manufacture 
becomes more complex and the capital value of the 
plant placed at the disposal of the operator becomes 
greater, there is created a demand for a new type of 
craftsman who by his knowledge, his intelligence and 
his interest in his job can keep the automatic 





unit operating at a high standard of efficiency. 
As I see it the challenge of the future will not be, 
“Can we produce machines which will do what we 
want?”. This is assured. The challenge for the man- 
agement of the future is, “Can we provide the 
environment which is necessary to make the most 
complex of all mechanisms, man himself, operate to 
the exceptionally high standards of efficiency of 
which he is capable ?”’. I believe this to be possible. 





DISCUSSION 


Chairman: Sir WALTER PUCKEY, M.I.Prod.E., Past President. 


Mr. K. J. Hume (Reader in Engineering Produc- 
tion, Loughborough College of Technology) said that 
they had been both enlightened and enlivened by 
what Professor Loxham had said. Unpredictable as 
he might be on some occasions, one could always 
predict that he would give an address which con- 
tained a great deal of information, common sense and 
advanced technology. 

All would agree that the trend for a very long 
time had been to concentrate scientific and techno- 
logical resources upon the research and design side 
of the product; that production had been left rather 
in the lurch. This must inevitably change, and more 
and more effort must go into developing the science 
of production. In many ways this was infinitely more 
complicated than was the traditional science of 
ordinary engineering. 

What had to be done in industry was also needed 
in education, Much rethinking was in evidence, but 
it needed to be undertaken at a faster rate. Some of 
the subjects still being taught at colleges and Univer- 
sities had to be looked at quite coldly and dispassion- 
ately with a view to deciding whether they were as 
fundamental and valuable as they once were. He had 
in mind, for instance, heat engines, which were 
studied by the majority of students throughout the 
country. How many really needed this? He was not 
pleading for purely vocational training—one had to 
consider the educational value of a subject. It was 
claimed, in defence of heat engines, that this was a 
basic engineering subject, but was it any more basic 
to the production or mechanical engineer than the 
study of metrology ? 

Professor Loxham had not had the time to expand 
upon the question of geometric shape, but engineers 
generally were realising that a large number of past 
difficulties of dimensional control, accurate fit, per- 
formance, and all the functions that went to make 
up engineering had been due not to inaccurate size or 
control of size but to complete, or almost complete, 
ignorance of the significance of shape: roundness, 
straightness, squareness, parallelism and so on—all 
the things that there were now instruments to 
measure. He was thinking particularly of roundness. 


718 


One or two experiments that Mr. Hume had 
undertaken recently to demonstrate the accuracy ol 
methods of measuring bores had, he felt, been rather 
significant. Everyone was familiar now with the idea 
of lobed diameters and the fact that one could not 
detect this with straightforward diameter measure- 
ment. It was just as true, of course, that one could 
not detect ovality with 120° three-point gauging, a 
very popular method of internal gauging. 

In the experiments some bushes had been put into 
the grinder—in a three-jaw chuck and a two-jaw 
chuck to grind them lobed and oval respectively. 
They had also checked some in which errors had 
not been deliberately introduced and had found that 
there was still significant lobing. More work, possibly 
as a student project, was proposed. It would further 
investigate the dimensional errors and the form errors 
which could, quite innocently, be introduced by 
various methods of clamping, for instance, the clamp- 
ing down of rough castings. One did not know the 
extent to which components might be distorted in 
this way. 

Two significant points mentioned by Professor 
Loxham were concerned with air bearings and moiré 
fringes. The previous week Mr. Hume had paid a 
visit to the National Engineering Laboratory and had 
found that in the Metrology and Mechanisms Divi- 
sion these two matters were receiving great attention. 
His impression after visiting that establishment was 
that air bearings and moiré fringes would revolu- 
tionise machine tools and production processes gen- 
erally, as much or perhaps more in the next few years 
than computer controls and all the more highly 
electronic and involved techniques of which they had 
heard so much. He mentioned this only by way of a 
warning that perhaps too little attention was being 
paid to the significance of these two aspects, and that 
a great deal more would be heard of them, if not in 
the near future then certainly in the distant future. 


Professor Loxham replied that, as one expected, 
Mr. Hume’s comments had been very helpful. At one 
period he had become quite excited about the folly 
of heat engines being taught to an advanced level in 
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technical courses designed primarily for production 
engineers. His present feeling was that, while the 
position was not satisfactory, it was improving. In 
reply to Mr. Hume he would like to say that metro- 
logy was absolutely essential for the production 
engineer. Richard Hazleton, the first Secretary of the 
Institution, had asked him, thirty years before, what 
should be done to make production engineering a 
science. His answer was the same then as it would 
be now: “If you want to make production engineer- 
ing into a science, you must begin by taking measure- 
ments and then you must analyse them’’. Metrology 
was the science of measurement. One could do almost 
nothing without it. He would describe it as the start- 
ing point. It should most certainly be in the 
curriculum. 

His present thinking was that heat engines should 
be replaced by some special kind of electrical engin- 
eering. Heat engines as a subject was important when 
the steam engine was the prime mover. The electric 
motor was now the means used for providing motive 
power and it was possible to obtain a Higher National 
Certificate and not understand the principles under 
which a motor operated. Production engineers often 
grappled with problems without always appreciating 
the potentialities of the various forms of electrical 
drive that were available. 

Turning now to the question of clamping, he would 
mention that on one occasion he had been concerned 
with the control size on parts milled with duplex mill- 
ing heads on a milling machine with a large rotary 
table, in which ten jigs were mounted. It had been 
reluctantly agreed that the tolerances on three dimen- 
sions should be extended. He had been brought in at 
the eleventh hour to try and avoid this. Briefly, mea- 
surement had shown that four of the jigs only were 
producing faulty parts and the six other jigs were 
producing good parts. When one had a large number 
of finish machined parts in a box and it was not 
possible to relate them to their own particular jigs, 
one had no clue about the cause of the error. Further 
examination had revealed that distortion as a result 
of clamping was the sole cause and the tolerance was 
to be extended in respect of all pieces, quite unneces- 
sarily. The production engineer’s job was to analyse 
that kind of problem and discover for himself what he 
was capable of doing. 

Air bearings and moiré fringes had an exciting 
future. In his view, the machine tool industry could 
make machines for grinding on which the slide would 
move along a straight line to a very high degree of 
accuracy. In a recent grinding experiment they had 
mounted vertically an optical flat plate about 7 in. 
in diameter on the table of a cylindrical grinding 
machine. An air jet fastened to the wheel head had 
been brought into close proximity to the plate so 
that, when the slide reciprocated, the gap between 
the jet and the plate provided a means of investigat- 
ing the movement of the table. One could adjust the 
plate until the gap became reasonably uniform. The 
air jet was connected to a recorder on which a trace 
was drawn showing the variation in the air gap 
between the jet and the plate, which was a measure 
of the extent to which the table moved along a 


straight line. At a magnification of 15,000, it was 
possible to record results accurately to ten millionths 
of an inch, and as a result of this work he had less 
confidence in vees and flats than hitherto. 

One could not grind parallel when the error in 
the movement of the work table was 0.00015 in. One 
could grind more parallel even under these conditions 
if one let the machine run for ten minutes so that, 
by random cutting, it would continue to cut during 
a long spark out period, but this was not good pro- 
duction engineering. He was confident from tests he 
had carried out that an air bearing on a slide of suit- 
able design would move straight to within ten 
millionths of an inch. This was because the air film 
could be made to average out the irregularities of the 
mating surfaces and errors in the slides could be 
divided by a factor of ten. This would help one to 
make very accurate slides. 


Mr. L. Webster (Production Manager (Engineer- 
ing), Distington Eng. Co. Ltd.) wondered whether 
Professor Loxham, in speaking of diminishing returns, 
had taken into account the depreciation of the pound 
over the years. 

They had been told of a measuring micrometer 
attached to a lathe which allowed one to take off 
precisely 44/10,000 and not 4/10,000. He had yet to 
find the lathe which would enable one to differentiate 
to that extent. 

Were any developments taking place in metrology 
that could be applied in the heavy engineering 
industry, as opposed to the light? 


Professor Loxham replied that he had been care- 
ful not to adopt the dangerous course of citing figures 
in the graph showing the low of diminishing returns. 
He would prefer to give an example. The ordinary 
three-phase electric motor of about 5 h.p. would drive 
a machine tool with about 95% efficiency when 
examined as a study in thermal dynamics. If that 
type of motor was ever made into a device which 
was better value for the work it had to do, the pro- 
duction engineer would have a large part in its de- 
velopment. It may be made cheaper or better because 
of some new material or manufacturing process. The 
electrical engineer had done his work so well that 
there was little more for him to do on this particular 
type of machine. 

Given the time, Professor Loxham would like to 
say more about the new concept of product design 
in which the designer co-operated with the produc- 
tion engineer to effect improvements. One had to find 
out what the designer wanted and the production 
engineer should then seek some liberty to modify the 
design so that the end result would be what was 
desired. 

He had been careful to say, in relation to the lathe, 
that one could move the cross-slide to an accuracy of 
ten millionths of an inch if this was required. This 
statement was true and would be demonstrated dur- 
ing one of the laboratory periods of the Symposium. 
To obtain this standard of accuracy on the work was 
a different matter. When they had used this tech- 
nique on the machining of test pieces to an accuracy 
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of 0.0001 in. they had been unable to hit the target. 
Upon investigation it had been found that a small 
built-up edge was forming on the tool, which had 
been made with a lot of side rake but no front rake. 
When the tool had been changed for one with 20° 
front rake, the results shown in Fig 34 in the Paper 
were obtained. Therefore, the geometric shape of the 
tool was of great importance in order to ensure a 
good, clean cutting action. 

The tolerance set as the target figure in the test 
was + 0.0001 in. The errors of parallelism and 
roundness on the lathe used were 0.00005 in. when 
using a suitable tool. 

On the question of heavy engineering, Professor 
Loxham was Chairman of the B.S. Committee on 
Limits and Fits, and he had on his desk at the 
moment Part III of B.S. 196, which was concerned 
with dimensions up to 200 in. and was concerned 
for the purpose with the fixing of tolerances for 
sizes from 20 in. to 200 in. The National Physical 
Laboratory had carried out a survey to find the 
standard of accuracy to which people in the heavy 
industries could measure large dimensions. The 
results had indicated that there was need for investi- 
gation and improvement. For instance, the internal 
bore of a large alternator might be 15 ft. in diameter, 
but the air gap between the rotor and the stator 
should, for maximum efficiency, be made as small as 
possible. The first time that the rotor and stator went 
together might be on the test bed or in South Africa, 
when they were assembled. 

The matter should be examined carefully, and he 
felt that those attending the Symposium could play 
a big part in an investigation which was to be set 
up for the purpose of improving the present very 
unsatisfactory position. The scientific knowledge 
available could and should be applied immediately, 
because it would produce substantial benefits at very 
little cost. 


Mr. L. J. Blache (Elliot Bros. (London) Ltd.) said 
that Professor Loxham had described some of the 
hyper-efficient contro] systems for use with simple 
forms. What development work was going on in his 
laboratories for carrying out the same tasks with long, 
slender components of the kind one encountered in 
the manufacture of gyroscopes? How would he tackle 
the problem of size where the presence of a measur- 
ing probe would cause objectionable deflection to 
the component part? Could form be measured by 
variation in position of the workpiece, for example, 
at 180° to that at which the raw material was 
removed; and, generally, what philosophical 
approach was he making to this? 

He had found that one of the basic problems was 
workpiece methods, so far as holding was concerned. 
It was extremely critical. Whereas, in the past, many 
precise components had been made by way of work- 
shop reports, one had now to draw thumbnail 
sketches giving details and design special fixtures 
which would deform the workpiece as little as pos- 
sible, for example, by clamping it along a certain 
axis. Did Professor Loxham feel that stress-free 
methods were being exploited as much as possible? 
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He had in mind such methods as electrolytic grind- 
ing and spark eroding. 


Professor Loxham replied that, at the risk of 
being thought something of a salesman for the type 
of training provided at Cranfield, he would say that 
the average person with a Higher National Certificate 
or, indeed, a University degree, was not fully trained 
to undertake the big and difficult task to which the 
questioner had referred. One found, for instance, that 
the students coming to the College with a Higher 
National Certificate in Production Engineering did 
not know enough about fluid mechanics, electrical 
engineering, electronics, materials and mathematics. 

The need of the man from the University might be 
different. He would have studied physics to a high 
level and might have a knowledge of electrical engin- 
eering and electronics, but his production engineer- 
ing was not sufficient. Although the College had been 
set up primarily to meet the needs of the aircraft 
industry, it was now able to assist the machine tool 
and other industries wishing to apply analytical inves- 
tigation to their methods of production, The best 
way that he knew for companies to undertake 
research of the type discussed was for them to sponsor 
a student with the necessary qualifications and 
ability, so that he could attend the one-year course 
on Precision Engineering now being provided. In 
addition to filling certain gaps in the student’s know- 
ledge, it would be possible for the student to use a 
problem of the type suggested as a thesis study on 
which serious experimental work could be carried out. 

Providing the necessary support to objects while 
they were being machined was, in some cases, ex- 
tremely difficult, especially with thin-walled pieces of 
the type used in gyroscopes. 

It was usually helpful with problems of this type 
to endeavour to state the conditions necessary for 
ensuring the standard of accuracy required. In this 
case under review, it would be: 


1. work holding spindle must rotate about a fixed 
axis and have no axial movement; 

2. the work must be held without imposing 
distortion ; 

3. for the production of cylindrical parts, the tool 
must move along straight lines parallel to or at 
some predetermined angle to the axis about 
which the work is rotating; 

4. the cutting tool or other device must remove 
the surplus material without imposing objection- 
able forces on the work; 

5. the measuring equipment used to determine size 
must not apply forces of sufficient magnitude to 
distort the part to an objectionable degree. 


It is by endeavouring to satisfy requirements tabu- 
lated in this way that a method can be devised which 
can be tried experimentally. From the results 
obtained more refined methods can be used and 
usually a satisfactory method of manufacture can be 
established. 

The suggestion of removing material by electrolytic 
methods was certainly worthy of careful investigation. 





aft 


est 
ike 
sor 


ile 
X= 


pe 
for 


his 


ng 


Oo 
01 


ut 


ve 
n- 


ize 


yu- 
ch 
Its 
nd 
be 


tic 
ym. 





This type of investigation was one of the methods 
used in the College machine tool laboratory. The 
benefit of a firm sending a student to work on such 
a project was that when the period of study was 
completed, the firm obtained a report on a subject 
in which they were interested and, in addition, its 
author. 

Professor Loxham would be pleased to communi- 
cate with the questioner or anyone who thought he 
had a problem which could be solved along the lines 
he had suggested. 


Mr. F. Roberts (U.K.A.E.A.) thought that, after 
the skirmishing of the previous evening, Professor 
Loxham might have prefaced his Paper by saying 
“Let battle commence’. He had got down to-the sort 
of thing that one felt was proper to the Symposium. 

The subjects in respect of which the curves had 
been drawn had, he felt, been well chosen to show 
what was wanted. Perhaps the curves, which were 
asymptotic to infinity, might be developed into a 
second series which were asymptotic to some 
maximum. 

He hoped that the suggestion that design should be 
stabilised would not apply to machine tools, which 
had been stabilised for far too long! Certainly, it 
ought not to come before they had been given the 
benefit of the improvements which were so readily 
available in the laboratory, and in the development 
shops but not on the machine tool. 

He could not share Professor Loxham’s hope that 
conditions would improve markedly in the next ten 
years. People who had continued in the same old way 
for 20 years were not likely to change in the next 
ten. All one could hope for was the introduction of 
new blood in the way Professor Loxham had 
suggested. 

In regard to the actual task of making things 
accurately, most of the work had been concentrated 
on grinding. The process was one where the operator 
removed a very small amount per unit of feed in 
relation to the tolerance given. The principle might 
be obvious but had perhaps not been stated suffi- 
ciently. It was the essential difference between the 
work of grinding and the work of the centre lathe. 

The other thing he would mention about tight 
tolerances was the difficulty they had experienced as 
a result of temperature variation. It was not difficult 
to control temperature during manufacture, but when 
specifying tolerances it should be remembered that 
one could not control the temperatures of usage. In 
normal circumstances, where temperatures varied 
differential expansion between two components 
would cause trouble and the carefully chosen toler- 
ances would not be met. 

Could more information be given on the produc- 
tion of complex forms? No doubt lack of time had 
prevented Professor Loxham from saying more on 
this, and on the accurate working of a centre lathe. 
One difficulty was that although one couid move the 
tool the necessary amount, the head did not stay 
where it ought to. Consequently, neither did the 
workpiece, thus giving rise to error. They had had 
some experience of the distortion of castings, and 


here stress-less methods did not always give the 
desired result. The stress was already present, in the 
component and when one removed the metal it made 
itself felt. What means were there of overcoming this 
problem ? 

He had been interested to hear of the experiments 
in which an optical flat had been put on the bed of 
a grinder. Recently he had visited a machine tool 
firm in America where exactly this had been done. 
They had set their table by using an optical flat in 
this way, and had got a very accurate movement. 
Whether it was necessary did not matter. The point 
was that they had taken the trouble to do it in order 
to get a good result. 

The suggestion that firms with problems should 
send students to the college was a very good one but, 
having come to the college and found an answer, how 
was one to put it into effect? Many of them had the 
technical answers to their problems now, but could 
not get the co-operation of the firms in solving them. 
The machine tool industry was selling all it could 
make and in such circumstances one was not likely 
to get them to accept the awkward or difficult job. 


Professor Loxham said that he had been trying 
to make the point that the rapid improvements that 
had been taking place should now begin to take place 
in production engineering, and, in particular, in the 
machine tool industry. At least part of the machine 
tool industry was reacting better than hitherto. 

Rolls-Royce had a difficult machine problem ‘n 
connection with turbine discs and were sending a 
student to the College to study it. Alfred Herbert's 
were loaning machines worth £5,300. 

Offers had come from the machine tool industry 
to the value of about £50,000 for the loan of machine 
tools to the College. Some of the machines would be 
seen in the laboratory. The College had been invited 
to carry out experiments with the object of establish- 
ing new and improved standards of performance. He 
was quite hopeful, therefore, concern.ig the present 
attitude of the machine tool industry, compared with 
that of ten or fifteen years ago. 

He was interested in the centre lathe. Indeed, one 
important investigation being carried out by the 
College was on a centre lathe. Discs worth from £100 
to £400 each when finished were required, with about 
12 dimensions on each disc to small tolerances, and 
the scrapping of parts of this value was a serious 
matter. He had taken part in a very interesting inves- 
tigation conducted by Alexander Stephens on the 
Clyde, who were faced with a very similar problem. 
The firm had agreed to make four high-speed steam 
turbines to the design of another company. The forg- 
ing for the turbine rotor was valued at about £2,000. 
It had been gouged out so that there were 15 flanges, 
and on the periphery of the flanges a complicated 
profile was formed. On each profile there were 10 
dimensions with a tolerance of + 0.00025 in. 

The poor operator, upon seeing the drawing which 
included finer tolerances than he had seen before, 
said, “This is impossible and I am not going to try 
to work to these tolerances’. A device was made 
which, by measurement, showed clearly how much 


721 











this man had to take off, using the principle illus- 
trated in Fig. 34. 

He would like to quote what Mr. Hansard, the 
Production Manager of the firm, had said about this 
experiment. It was as follows : “Finally, one observa- 
tion is worthy of mention. It had been anticipated 
that the new technique would meet with some re- 
sistance from the shop floor. After all, old methods 
die hard in the heavy industries. For this reason, the 
way was prepared by inviting the co-operation of 
the machinists, the inspector and foreman, and keep- 
ing them fully informed as to the proposed method 
of attack and the progress of the equipment from the 
design stage onward, Despite initial cynicism, there 
was a wealth of sincere and intelligent co-operation. 
Towards the end, the machinists and the inspector 
became the most earnest protagonists for continuous 
measurement during machining”. The man who had 
threatened to leave had become quite interested be- 
cause he could see that the task was attainable and 
indeed a very interesting problem. In such circum- 
stances, most people responded very well indeed. 

The technique employed was a development from 
the simple micrometer that he had mentioned. One 
used normal methods to make the part within about 
.005 of the size, set an indicator to read + .005, move 
the tool .003, take a further cut and the indicator 
shows the part to be + .002. This gave one the neces- 
sary confidence and the final cut was taken. Mr. 
Hansard said that on the four rotors, each with 15 
flanges and 10 dimensions on the periphery of each 
flange, all the dimensions were within tolerance. The 
turner had told him that they were the best turbine 
discs they had ever made, and had really been proud 
of them. 

In some cases, the man at the machine was given 
an almost impossible task. One of his worries was 
that with more and more people going to the univer- 
sities, there would be a tendency to feel that the 
graduate was a superior person who did not require 
any technical assistance from the man operating the 
machine. The latter had usually much more know- 
ledge about the actual job and any policy of telling 
the people on the factory floor that they must not 
think, but simply do as they are told, could only 
lead to trouble. It was not too much to say that, given 
the necessary scientific aid, the operator could be- 
come quite fascinated with his work. 


Mr. I. S. Morton (Snr. Technical Adviser, Shell 
International Petroleum Co.) said that, in his experi- 
ments with the centre lathe, Professor Loxham had 
changed the tool shape until the tendency towards 
a built-up edge was removed. Had he tried eliminat- 
ing build-up by changing the cutting fluid? One 
could devise a cutting fluid so highly active that it 
would react with the material of tool and chip to 
give the lubricating film desired. If it were of suffi- 
cient activity one could virtually eliminate the built- 


up edge. However, a choice had to be made between. 


the clean, accurate cut with good surface finish, and 
the protection of the tool. Corrosive wear could take 
place, and the protection of the built-up edge, which 
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many thought prolonged the life of the tool, would 
be lost. 

In some cases one had to obtain a certain standard 
of accuracy to make the job worth doing, and then 
tool life had to take second place. He had seen 
experiments with gas turbine materials which sup- 
ported this contention. 


Professor Loxham replied that the investigation 
of plastic deformation of material was very important. 
By using a stroboscopic lighting unit, a film had been 
produced at a speed of 4,000 frames per second and 
each frame had an exposure time of only 2 millionths 
of a second. This had produced a very sharp image 
for each frame and if one examined the frames indi- 
vidually one could study the nature of the plastic 
deformation which occurred during the formation 
of the chip. One could also measure the force and 
analyse it. It was then possible to use a different 
approach angle, or, as had been suggested, use 
lubricants to achieve the desired result. The plastic 
flow of the material also changed with speed. One 
could see what was happening very much better than 
by normal observation and, as a result, was much 
more likely to develop the right cutting tool geome- 
try and the best lubricant. 

Once this had been done, it was possible to experi- 
ment with the depth of cut which would give the 
best finish. They hoped to take photographs at the 
rate of 8,000 frames/sec. and increase the cutting 
speed to about 500 ft./min. instead of the maximum 
of 100 ft./min. obtained on the planing machine, on 
which all films so far taken had been made. By this 
means it was hoped to ascertain, for a particular 
material, a cutting tool geometry, a depth of cut and 
a speed of cutting—also lubricant, which he agreed 
was tremendously important. 

Britain had such limited resources that they should 
get together and arrange that each centre, such as 
Manchester or Birmingham, concentrated on each 
aspect of the problem. His efforts in that direction 
seemed to be making progress. 

As a result of experiments made at the College, 
they would see a milling cutter removing metal faster 
than he, at any rate, had seen it removed elsewhere. 
The course to adopt became almost obvious when 
one was able to see what was happening. 

He agreed with Mr. Morton that the two aspects 
—tool geometry and fluid change—were alternative 
courses open. It was a question of seeking the opti- 
mum in both cases. 


Mr. J. W. East (Assistant Manager, War Office 
R.O.F.) asked whether they could be given any indi- 
cation when the tool manufacturers, especially the 
grinding wheel manufacturers, were going to catch 
up with the advances made in metrology, including 
the greater speeds now possible. Were they likely to 
lag behind the machine tool designers, who were at 
least trying to catch up? Apart from the manufac- 
turers’ handouts he could find no ‘practical informa- 
tion—certainly not of a precise nature—from the 
grinding wheel people concerning what they were 
doing in this direction. 
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Professor Loxham had referred to roughing, finish- 
ing and spark-out. In his chart he had shown a 
mysterious phenomenon—the wheel apparently be- 
coming larger and smaller in turn. He had put it 
down to first the loading, and then the exposure, of 
the cutting edge. This was perhaps a more real 
assumption than even his particular example had 
shown, in that spark-out sometimes did not happen 
at all in the sense of changing the dimension of the 
piece. 


Professor Loxham agreed that the grinding wheel 
situation was especially interesting, and warranted 
scientific investigation. Recently he had been told 
that one could not specify, in any precise way, that 
such and such a wheel was the best for a particular 
job. The reason given was that one had simply to 
try things out and see whether the user liked them, 
making alterations as needed, He was aware of a cir- 
cumstance where a certain machine was in use on 
both day and night shifts. When the night shift 
grinding operator came on he took off the grinding 
wheel used by the man operating the machine during 
the day, because he was convinced his own selection 
was better. Members could see at the College a 
grinding operation in which there were no sparks 
at all. The table was moving at 40 in./min. while 
they were grinding 90 ton stainless steel. 

Under a microscope the chips appeared to be of 
the same form as chips taken by a turning tool. The 
College was being loaned a Thompson grinder to 
enable this phenomenon to be investigated further. 
The Carborundum Company had promised to co- 
operate in this experiment by making wheels avail- 
able as required. The purpose was to develop a tech- 
nique for removing metal by a grinding wheel with- 
out setting up the heavy and highly objectionable 
residual stresses normally present in a ground surface. 
In gear grinding and the grinding of the tracks of 
ball and roller bearings, failures had occurred as a 
result of residual stresses set up in the surface. In 
some cases, these cracks were only .001 in. deep. In 
others they were deeper. Sometimes, when the crack 
had not developed, the material was in a state of 
tension and further loading led to failure by fatigue. 

The College was taking the lack of scientific know- 
ledge on grinding very seriously and hoped, within 
a year or two, to have produced some type of order 
out of chaos. He would like to think of a grinding 
wheel as a milling cutter with a large negative rake 
and not a device which removes the material in such 
an inefficient manner that the swarf becomes red 
hot. Research at the College had resulted in the 
development of a grinding technique in which no 
sparks were produced when grinding steel and very 
low residual stress in the surface of the ground 
material compared to normal practice. Another 
example was a milling cutter which had been de- 
veloped in the department for the machining of high 
tensile steel in the fully heat-treated condition. Pre- 
liminary tests indicated that the tool life appeared 
to be about five times that obtained from a normal 
cutter, 


Mr. D. Ridgeway (Development Engineer, Gear 
Grinding Co. Ltd.) said that he had done a consider- 
able amount of work with a grinding wheel operating 
at a traverse rate of approximately 12 in./min. and 
removing .007 in. or .008 in. It appeared that, be- 
tween 6 and 12 in./min. one did not damage the 
material, metallurgically, as much as at the normal 
rate of 40/ft.min. The only difficulty had been an 
increase in wheel deflection and component deflec- 
tion. When grinding material on which there was a 
tendency to produce grinding cracks, such as EN 354, 
there was great benefit in using a table travel speed 
of 6 to 10 in. per minute instead of the more normal 
table speed of 40 ft. per min. 


Professor Loxham expressed interest in Mr. 
Ridgeway’s findings: the College had not used the 
slow rates of table speed mentioned. but had made 
the grinding wheel bearing very rigid, and by having 
a very free cutting wheel with an open structure into 
which the chips could pass during the cutting process 
a clearer cutting action was produced. Wheel vibra- 
tion had been reduced to a maximum amplitude of 
0.00002 in, and this reduced substantially the rate of 
wheel wear and, in addition, maintained a very free 
cutting action. They had discovered that the down- 
ward movement of a vibrating wheel imposed very 
heavy loads of short duration between the grinding 
wheel and the work. This caused rapid breakdown 
of the grinding wheel and heavy residual stresses in 
the ground material. He would like to co-operate 
with Mr. Ridgeway in the further development of 
this technique. 


Mr. J. P. Mills (Machine Tool Designer, H. Hob- 
son Ltd.) felt that there was a gap between the meas- 
uring side, in automatic sizing, and the design of the 
actual machine tool which had to apply the forces 
required to correct the errors indicated by the meas- 
uring system. Did Professor Loxham believe that the 
ultimate machine would be designed as an integrated 
whole, incorporating the measuring apparatus with 
all the other mechanisms required to operate the 
machine ? 

In this connection, two examples came to mind. 
They had been in use in the ball bearing industry 
for a long time and were taken for granted by opera- 
tors. He referred to the Heald Gauge-Matic internal 
grinding machine and the Landis Raceway Grinder. 
In both these the sizing equipment was built as part 
of the machine. In the Landis it was a diamond on 
an arm, which was pivoted in a fixed position rela- 
tive to the headstock. The Gauge-Matic machine 
used a gauge bar going into the bore of the work- 
piece. When one got down to very fine limits, in cases 
where the deflection or movement of the spindle took 
place, would it not be possible to measure the size 
of the workpiece relative to the movement of the 
spindle? It would mean using two measuring devices, 
one on the workhead spindle and the other on the 
workpiece, thus eliminating the error due to deflection 
in bearings. 
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He had recently experimented with air bearings. 
Though lacking research facilities, he had gone so 
far as to put hydrostatic pads on a big cast iron 
block, using a Class B surface table for support. He 
had employed a restrictor on the inlet side to give 
automatic compensation for load variation, and 
wondered whether Professor Loxham was using the 
same system with his air bearings fitted to a machine 
slide ? 


Professor Loxham said that one of the most 
profitable lines for applied research was for the 
machine tool manufacturer, the instrument-making 
firms producing control equipment, and for the users 
of machine tools to co-operate. By the application of 
known techniques in a scheme of whole-hearted co- 
operation, a new range of machine tools could be 
made available in as short a time as three years, He 
agreed that the best place to apply the philosophy of 
measuring was when the machine tool was at the 
drawing board stage. The improvements which could 
be obtained would be so great that slides with new 
types of bearings would be necessary, but the design 
of these was known. Professor Loxham confirmed that 
the design of the airbearing for a slide was substan- 
tially the same as Mr. Mills had described. The re- 
strictor was an essential part of the ‘design and the 
main difference was that for air bearings a small 
recess should be provided after the restrictor, while 
for hydrostatic bearings it was better to use a much 
larger recess, Typical dimensions were restrictor 
0.020 in. dia. hole recess 0.7 in. x 0.7 in. x 0.030 in. 
deep for oil, while for air the recess should be about 
0.100 in. diameter 0.010 in. deep. Typical pressures 
were: oil, 300 lb. per square inch and air, 100 |b. 








per square inch; but he had used air on an experi- 
mental rig at 4,000 lb./per square inch with very 
satisfactory results. 


The Chairman said that he would resist the temp- 
tation to sum up because he recalled an occasion 
when another Chairman had prepared his summing 
up notes before a meeting and had left them in his 
office, only to have them fall into the hands of his 
new secretary. She, believing such bad writing could 
only belong to a doctor’s prescription, had sent them 
off to the chemist, receiving back a bottle of eyewash ! 

Everyone present had been interested in the great 
amount of technical information that had _ been 
passed backwards and forwards, and as a production 
engineer he had been fascinated by it. It was a pity 
that Professor Loxham had not dealt, to the extent 
he no doubt had intended, with the message that he 
had really wanted to put across to his audience. 

He would quote only one paragraph: ‘The real 
need is not for equipment but for men who can 
operate so near to the manufacturing unit that they 
can appreciate all its problems and, in addition, have 
a good understanding of the basic sciences and tech- 
nology of engineering manufacture and the philoso- 
phy of measurement and automatic control.” If The 
Institution of Production Engineers could develop 
more men with that combination of virtues and 
philosophy it would become that much greater. They 
were very fortunate in having, in Professor Loxham, 
such a man. On behalf of all present, he would say 
how grateful they were for the care he had taken in 
preparing his Paper and for the courtesy which he, 
as one of the senior members of the staff, was show- 
ing them, including the demonstrations which had 
been arranged during the Symposium. 





NEW BRITISH STANDARDS 


Copies of the following British Standards, recently issued, may be obtained from 
the British Standards Institute, 2 Park Street, London, W.1, at the prices stated. 


B.S. 3258: 1960 Silicone-rubber-insulated cables and 
flexible cords. 5s. Od. 


B.S. 3260 : 1960 PVC (vinyl) asbestos floor tiles. 4s. 6d. 
B.S. 3261 : 1960 Flexible PVC flooring. 4s. 6d. 


B.S. 3263 : 1960 Rubber closures for injectable products. 
4s. Od. 


B.S. 3264 : 1960 Wood tubes for cheese winding frames. 
3s. Od. 
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B.S. 3265: 1960 Method for the determination of tar 
acids in black and white disinfectant fluids. 4s. Sd. 


B.S. 3267 : 1960 Steel pattern cards for box-motion control 
on looms. 4s, 6d. 


B.S. 3268 : 1960 Chip baskets. 3s. Od. 


B.S. 3269: 1960 Chpping boards for school catering. 
3s. Od. 


B.S. 3270: 1960 Plywood pastry boards for school 
catering. 3s. Od. 


B.S. 3271 : 1960 Surgical elastic band trusses. 5s. Od. 
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APPRECIATING THE NEED FOR 





i lag complex nature of modern industry has 
inevitably resulted in the establishment of a great 
number of ancillary activities which are added to the 
original fundamental act of production, be it by 
manual labour alone, with machine assistance, or 
purely mechanical. 

Any addition to these ancillary activities which will 
cost money, but which cannot be shown before adop- 
tion as certain to recover more than its cost, does not 
arouse great enthusiasm in those responsible for see- 
ing that a production unit achieves the prime purpose 
of making a profit. 

The question, therefore, which will generally 
require to be answered before facilities are provided 
to institute modern methods of Control of Quality, 
is: “What will it cost and what will it save ?”, This 
is a reasonable question which must be answered. It 
is not, however, an easy one and it is very important 
that as much as possible is discovered of the methods 
which can be used to establish facts on which the 
reply can be based. 

Mr. F. Nixon, in his E.O.Q.C. Presidential Paper 
which was published in “The Production Engineer” 
last month, states that generally direct production 
operatives produce between £100 and £300 of 
spoiled work per annum. Most executives in charge 
of production know, or can easily work out, the 
average in their own factory. 

They will also know, of course, that action is being 
taken, either intensive or cursory, to improve matters. 
Very often, however, this is only spasmodic action 
following a customer complaint, or is sparked off by 
isolated cases of high cost in scrap or rectification. 

At this stage, however, we are considering the very 
usual situation where there is a strong company 
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opinion that general quality could be radically im- 
proved and money saved, but no one is very clear 
how to set about it. Also, of course, in such conditions 
there does not usually exist someone with a lot of 
spare time who is qualified to help in any way. 

The interested executive, therefore, has the job of 
convincing those responsible for expenditure control 
that time and, therefore, money, spent on improving 
the Control of Quality is likely to be profitable. Even 
when an enlightened directorate, implementing the 
“act of faith’ mentioned by Mr. F. Nixon, authorises 
and initiates action in the belief that it must give 
results, proof of results is extremely desirable (and 
will probably be demanded) after a period of opera- 
tion. Therefore, a “line up” of the items which will 
enable a “Quality Control Effectiveness” balance 
sheet to be produced is a real necessity. 


the decisive position 

In the creation of useable goods there is always a 
position, i.e., at the finish of the act of manufacture, 
which is decisive so far as any real Control of Quality 
is concerned. After the completion of this act there 
are only three alternatives so far as defective goods 
are concerned : 


(a) to throw away as scrap; 

(b) to rectify (if possible and economic); or 

(c) to accept, on a concession basis, a lower 
standard. 


None of these has anything to do with the Control 
of Quality except as information on some action 
which may be taken in the future on other goods 
prior to or during their making. 
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The costs, however, of these “failure” actions are 
very important when analysing the effectiveness of 
the Control of Quality—this is the gold mine—and it 
is by showing the reduction of such costs that the 
effectiveness of expenditure on the Control of 
Quality, which is to be prior to or during the act of 
manufacture, can be measured. 

Firstly, one must find out what information exists 
and in most companies there will be some. Usually 
the easiest to find are “failure” costs, i.e., scrap and 
rectifications. It should be ascertained that the labour 
costs are defined as either “‘actual’—that is, without 
overheads added—or “total”, including overheads. 
To these costs, if possible, should be added actual or 
estimated costs of customer placation. There will be 
some, and the figure will be surprising. 

The next step is to review the present inspection 
activities. Divide the inspectors into: 


(a) those who are helping to control quality at the 
point of production, i.e., Patrol Inspectors; 

(b) those who are engaged in purely “sorting” 
inspection; and it should not be forgotten that 
inspectors checking goods from outside must 
be included. 


VETTING OF DESIGNS 


PLANNING CONTROL OF QUALITY 











Calculate the cost of section (b) and again make sure 
whether costs are actual or total. Also, any super- 
vision which is directly in charge of “sorting” inspec- 
tion must be included. (Fig. 1.) 

If failure costs can be obtained, such as 





. scrap material costs 

. scrap labour costs 

. rectification costs 

. customer placation costs 
. sorting inspection costs 


of ON — 


the total amounts to the whole, or nearly the whole, 
of the present costs incurred by the failure of the 
company and its suppliers to control quality at the 
point of manufacture, and constitutes the gold mine 
from which it is hoped to extract much more than 
will be incurred in putting in proper “Control of 
Quality”. 

Now, it is pretty certain, at least in the engineering 
field, that the total “Failure” costs will amount to 
a sizeable total in hard cash, relative, of course, to 
the activities and size of the company. But even at 
this stage they will be convincing enough to get 
agreement that it is “worth looking into”. 


PREVENTATIVE ACTIONS 


AND COSTS 


















OBTAINING ASSURANCE FROM SUPPLIERS 


EDUCATION & TRAINING IN CONTROL OF QUALITY 


CONTROL OF QUALITY BY PRODUCTION 


ASSISTANCE & VERIFICATION BY INSPECTION 
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The next step will be to consider what steps 
towards Control of Quality it is proposed to take. 
All of them will necessarily be in those activities 
which take place before or during the act of making 
—‘Preventative Costs’—and many of them will be 
in the shape of requests for time and consideration 
to be given by those concerned with pre-production 
activities to the need for ensuring that production 
can be certain of achieving the quality needs specified 
on the drawing, etc., and that it will be certain. 


design 

Starting with design, does a qualified Production 
Engineer, before the design is sold to the customer, 
agree that all requirements stated can be achieved? 
If not, as it is plain commonsense to do so, a cost 
will be incurred in checking designs for this factor. 


planning 

Secondly, does the Production Planner, after speci- 
fying the means of production, assess the fallibility 
remaining in the method he has specified and lay 
down checking procedure by production people to 
obtain verification that parts are correct? If not, as 
it is again plain commonsense to do so, an added 
cost in planning time and possibly also inspection 
equipment will be incurred. 


production 

Thirdly, does the floor-to-floor time allowed also 
include time to check according to the planned 
instructions? If not it must be so allowed, or additional 
personnel attached either to Production or to Inspec- 
tion must be provided. Regrettably it will be found 
in some cases that time is allowed but due to absence 
of records and laxity of supervision, the pieceworker, 
understandably, devotes the quality check time to 
belting out components. 

Nothing will replace adequate supervision in such 
a situation but it will be obvious that supervision can 
be assisted in several ways in assurance that checks 
are made, 

Anyway, if extra time is going to be required then 
it must be transferred into cost and added to the 
total preventative costs. 

Now quality is abstract and it will be discovered 
that by far the greatest need is a change in the atti- 
tude of minds. Somehow, it has to be brought home 
to all those involved in pre-production or production 
activities that they—and only they—decide whether 
things are made correctly or incorrectly. If there has 
been in existence for a long time a large sorting 
inspection force, it will be a stern struggle to convince 
people that such inspection isn’t the best protection, 
but it must be done. Therefore, someone who believes 
in controlling quality in the right way has to do a 
lot of evangelical work by lecturing, demonstrating 
and helping. Dependent on the size of the company 
this will cost money and should again be added to 
the preventative costs. 

Apart from probable changes in paperwork such 
as Operation Sheets, etc., the preventative cost side is 
about complete, and can now be added up : 











. Design—vetting by Production Engineer. 


nh 


. Planning control of quality simultaneously with 
planning production. 


. Extra equipment for checks at production point. 
. Time for checking at production point. 
. Altered or increased paperwork. 


rn Ww -— OO 


. Education in control of quality. 


Do not forget to deduct from these costs those which 
already exist, such as equipment not being used in 
the right place; also, probably checking time at the 
production point which may be allowed but is not 
being used. It will be surprising if you find that you 
are going to be landed with a very formidable 
amount of extra “preventative” costs. 

For example, in one company only 10% extra 
planning cost was involved in properly planning 
Control of Quality. 

We now have the two costs, existing “Failure 
Costs” and proposed “Preventative Costs”, and it 
must now be estimated how much the former may be 
reduced by application of the latter. 

Experience of other companies can be a guide. 
For example, in one large automatics shop scrap costs 
were reduced by 50% of the previous total, rectifica- 
tion costs by 30% and inspection costs by 27% 
within one year of instituting changes and operating 
on the lines indicated. Enquiry will uncover much 
information and it is hoped that in future issues of 
“The Production Engineer” case histories will be 
published which will assist. 

Far better than such records, however, is to take 
a small representative section in your works and 
prove it yourself. 

One factor previously touched on is the cost of 
verification of incoming supplies. Subsequent articles 
will cover this more fully but obviously the action 
required is simple. Find out why you are having to 
check and ponder on the benefits to be obtained if 
you could receive goods of certified quality, know- 
ing that the certification was valid. 


control by suppliers 

Investigation into the Control of Quality exercised 
by suppliers will pay hand over fist. It will, quite 
likely, be found that the cheapest, from a strictly 
purchasing viewpoint, is costing more than it should, 
due to the added costs incurred by sorting in your 
own company, and delays resulting from non-delivery 
of acceptable parts. Co-operation, however, is the key 
to the solution in quality from suppliers. Agreement 
on such stands as appearance, finish, etc., is obviously 
a necessity, and in many cases a long-standing diffi- 
culty can be resolved by slight alterations to design 
which are acceptable. 

The direct savings which can be placed in the 
balance sheet on the credit side of improved Control 
of Quality is, of course, reduction of the costs of 
“Bought Out” or “Suppliers” Inspection, but these 
are not the whole of the benefits which can result 
and in many companies they amount to a consider- 
able figure in hard cash, 
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Difficulties will be encountered, but £& s. d. on the 
right side is an ally which commands universal 
respect. 

It is, of course, impossible to lay down a general 
standard of achievement; what is important is to be 
able to show a reduction in the existing cost position. 
This should be a constant appraisal at intervals gen- 
erally dictated by the company’s costing procedure, 
often monthly. Fig. 2 shows one method used to 
examine and publish progress. It is necessary of 
course to have available figures, preferably in mone- 
tary value, of the value of goods produced during 
the period in question—not the overall value, but 
the increase in value caused by processing, which is 
simply the money paid for incoming supplies sub- 
tracted from the sales value. 


This can be shown as a constant 100% on the 
chart and all costs of quality control shown as a per- 
centage. Another method (given in the actual chart 
published) is to take the value of piecework hours 
produced in the period as the achievement standard. 


It is not important what method is used to show 
the value of production, but it is essential that it is 
a known company standard and is generally accepted 
as a target of achievement. 


The object is solely to illustrate continuously the 
relation of quality control costs to such achievement, 
with the progressive reduction which is certain to be 
achieved if the principles of Control of Quality at 
the point of production are conscientiously applied. 





** Computers in Industry”— concluded 


audience. The day’s proceedings were rounded off 
by Dr. T. U. Matthew, Vice-Chairman of the Birm- 
ingham Section, who, in summing up, crystallised a 
number of interesting thoughts which had _ been 
aroused during the day. He emphasised that a spirit 
of enterprise was required in applying computers to 
everyday problems and said that most of the appli- 
cations mentioned during the Convention had been 
undertaken in one of the large industrial companies. 
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He underlined the need for imagination and initiative 
on the part of the production engineer in applying 
computers to solving these problems. 

The proceedings concluded at about 6 p.m. after 
a stimulating and interesting day’s programme which 
was appreciated by all those present. 

The Convention was held in the Department of 
Mechanical Engineering at the University, by kind 
permission of Professor A. S. Tobias. 
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institution notes 





The Sir Walter Puckey Prize 


The Institution is pleased to announce the first award of the Sir Walter Puckey Prize, to Mr. L. C. Lambert, 
of The Welsh College, Cardiff, for his project on “ Friction Welding.” 

A very excellent project, on ‘“‘ Automatic Control of Grinding”, and worthy of special mention, was 
submitted by Mr. J. H. W. D’Arcy Evans, of The Woolwich Polytechnic. 

The Sir Walter Puckey Prize is an Annual Award of £50 for the outstanding project on a Production 
Engineering Subject in a Diploma in Technology (Eng.) course, and is open to students taking such a Diploma 
course in any branch of engineering. Projects were received from the Loughborough College of Advanced 
Technology; The Welsh College; and The Woolwich Polytechnic. 


Mr. E. W. Hancock, O.B.E. 


It is announced by Production-Engineering, Ltd., that Mr. E. W. Hancock, O.B.E., 
Honorary Member and Past President of the Institution, has joined the company 
as an Associate Consultant. He will advise on factory planning and industrial 
development at home and abroad. He has also recently joined the Board of Brooke 
Tool Automation, Ltd., Birmingham. 


Mr. Hancock, who retired earlier this year as Director of Special Projects for 
the Rootes Group Manufacturing Division, represents The Institution of Production 
Engineers on the Governing Board of The Lanchester College of Technology, Coventry. 





S.A. Graduate’s Achievement 


Mr. Bennet Youngworth, Grad.I.Prod.E., recently gained the 1959 Student Award of the Institution of 
Production Engineers in South Africa. 

This Award is given annually to the student obtaining the highest aggregate marks in the production 
engineering subjects of the National Engineering Examinations. Mr. Youngworth gained distinctions in the 
three subjects concerned: planning, costing and estimating; time and motion study; and works organisation 
and management. He is at present studying industrial engineering at the University of Houston, Texas. 


Reconstitution of B.C.A.C. 


It is anticipated that the reconstitution of The British Conference on Automation and Computation, formally 
brought into being at the annual meeting on 10th October last, will result in more effective operation. 

The objects of the new body are (a) to stimulate interest in, spread knowledge of and foster the development 
and applications of automatic control and computation; (b) to afford a common meeting-ground for the con- 
stituent organisations; (c) to encourage presentation of British papers at international conferences; and (d) to 
maintain liaison with other countries which support such international conferences. 

The 31 constituent societies include The Association of Certified and Corporate Accountants, The Institute 
of Cost and Works Accountants, The Chartered Institute of Secretaries, The British Computer Society, The 
British Institute of Management, The Institution of Electrical Engineers, The Institution of Mechanical Engineers, 
The British Productivity Council and the Trades Union Congress, with the D.S.I.R. as observer. 

Sir Walter Puckey, M.I.Prod.E., has been elected Chairman of the Conference. 


Retirement of Mr. H. C. Town 


The retirement of Mr. H. C. Town, Member, Head of the Engineering Department 
of Keighley Technical College for over 30 years, is announced. 

Mr. Town is widely known as the author of textbooks dealing with machine 
tools and allied subjects, and has presented many Papers to various Sections of 
the Institution throughout the United Kingdom. 

He was twice awarded the Water Arbitration Prize of The Institution of 
Mechanical Engineers for Papers dealing with “‘ Hydraulic Operation of Machine 
Tools”, and has gained The Institution of Production Engineers’ Medal for the. 
Best Paper by a Member. 

His many friends in the Institution and throughout the profession will wish 
Mr. Town a long and happy retirement. 
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“COMPUTERS IN INDUSTRY” 


Fourth National Students’ and Graduates’ Convention, 


Birmingham, |7th September, !960 


HE Fourth National Students’ and Graduates’ 

Convention on the theme : “Computers in Indus- 
try” was held at the University of Birmingham on 
Saturday, 17th September, 1960. This meeting was 
organised by the Birmingham Graduate Section and 
was attended by about 170 delegates from as far 
afield as Halifax and Southampton. 


The aim of the Convention was to. give an appre- 
ciation of the development and application of com- 
puters in industry and was particularly directed to 
those with no previous knowledge of the subject. The 
principal speaker was The Rt. Hon. the Earl of 
Halsbury, Immediate Past-President of the Institu- 
tion, who was supported by three other speakers. The 
Lord Mayor of Birmingham was also present, and 
extended a Civic Welcome to the Delegates. 


The day’s proceedings opened with a welcome from 
the Convention Chairman, Mr. D. Edwards, to all 
those attending, and after a brief introduction, the 
first paper, “Computers Simply Explained’, was 
delivered by Lord Halsbury. Taking familiar objects 
as examples, he constructed on the blackboard what 
he described as a “Heath Robinsonian Computer”. 
By simple steps, using the analogies of clocks and 
telephone exchanges, Lord Halsbury built up a very 
clear picture of the essentials of digital computers. 
This included an explanation of the binary arithme- 
tic system, and the elements of programming. Mr. 
B. E. Stokes, M.I.Prod.E., a past Chairman of the 
Birmingham Graduate Section, opened the discussion. 


civic welcome 


At coffee, the Lord Mayor of Birmingham (Alder- 
man Garnet B, Boughton), joined the Convention and 
expressed his pleasure at being able to attend. In 
his address, he stressed the need for remaining com- 
petitive in world markets by every possible means, 
and emphasised the economic dangers from the rapid 
advances in Russian technology. He concluded by 
extending a Civic Welcome to the delegates, and 
wished every success to the Convention. 


The second paper, “The Use of Computers for 
Optimal Planning”, was then delivered by Mr. C. M. 
Berners-Lee, of Ferranti Ltd. Using the homely illus- 
trations of balancing pig-food diets and washing up 
knives and forks, he demonstrated the basic principles 
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of optimal planning and led up to the application of 
this procedure to the programming of an engineering 
works. The discussion was opened by Mr. F. W. 
Cooper, Institution Education and Technical Officer. 


After lunch at the Guild of Undergraduates’ Union, 
the Convention split up into two groups. Approxi- 
mately 50 members saw a film on the operation of 
the Ferranti “Pegasus” digital computer, together 
with films on the application of computers to machine 
tool control and oxy-acetylene profile cutting. 


production control by analogue computer 


The remainder of the Convention members heard 
Mr. W. G. Ainslie, of the University of Birmingham, 
deliver his Paper on “Research on Production Control 
by Analogue Computer”. Mr. Ainslie very clearly 
explained the principles of analogy and by referring 
to mechanical and electrical models, demonstrated 
how dynamic systems can be simulated. He suggested 
that under certain conditions the factory could be 
likened to a “black box”. He referred to the earlier 
works of certain economists and suggested that quite 
complex economical systems might also lend them- 
selves to analogue computation. Mr. Ainslie did much 
to put in perspective the analogue computer in rela- 
tion to its better-known brother, the digital computer. 
After tea the delegates reassembled for the final 
Paper on “Computers—Retrospect and Prospect’, 
given by Mr. G. M. Davis of The English Electric 
Co. Ltd. Mr. Davis explained how the essential items 
of computer equipment had developed over the years 
and indicated likely developments in the future. He 
stressed the comparatively short length of time in 
which the machines have developed and the rapid 
progress which is continuing. He concluded with a 
very quick look into the far-distant future where he, 
not too seriously, envisaged the whole of the national 
economy, all international trade and music and art 
being directed and operated by computers—in short, 
“a world fit for computers to compute in”. Mr. L, W. 
Bailey, M.I.Prod.E., Chairman of the Production 
Control Sub-Committee, opened the discussion. 


brains trust 


A Brains Trust then followed in which the speakers 
replied to a number of interesting questions from the 


(continued on page 728) 




















Mr. H. H. Evans, Member, has joined the Board 
of Brooke Tool Automation, Ltd., Birmingham, 
as Production Manager. He was formerly General 
Factory Manager and Director of Personnel Develop- 
ment at Cincinnati Milling Machines, Ltd., and a 
Director of Hordern, Mason and Edwards, Ltd. 


Mr. W. A. Handley, Member, formerly Production 
Controller to Dowty Hydraulic Units, Ltd., is now 
a Director of Designex (Coventry) Ltd., a new 
company of the Dowty Group. 


Mr. H. S. Holden, Member, is now Managing 
Director of Brooke Tool Automation, Ltd., 
Birmingham. 


Mr. John R. Kelly, Member, Director of Vickers- 
Armstrongs (Engineers) Ltd., and General Manager 
of the Elswick and Scotswood Works, Newcastle, 
retired recently after 34 years with the Vickers- 
Armstrongs organisation. 


Mr. S. W. D. Lockwood, O.B.E., Member, Director 
and General Manager of Sir W. G. Armstrong- 
Whitworth Aircraft, Ltd., Coventry, for over five 
years, and a member of the firm since 1921, is now 
Managing Director. 


Mr. Allan Ormerod, Member, General Manager 
of Ashton Bros. & Co. Ltd., Hyde, has been elected 
President of The British Association of Managers of 
Textile Works. He is also a member of the Weaving 
Research Committee of the British Cotton Industry 
Research Association, and of the Redeployment 
Committee of the Federation of Master Cotton 
Spinners. 


Mr. F. Stafford, Member, has been appointed a 
Director of the Motor-Car Division of Rolls-Royce, 
Ltd. Mr. Stafford is the Company’s General Works 
Manager at Crewe, where he has been for the past 
12 years. 


Mr. B. E. Stokes, Member, has moved from the 
Clutch Division, Borg & Beck, Ltd., to Lockheed 
Hydraulic Brakes, Ltd., Leamington Spa. Mr. Stokes 
is the Immediate Past Chairman of the Editorial 
Committee and serves on the Finance and General 
Purposes Committee. 


Mr. A. T. Allsop, Associate Member, Manager of 
the Clacton Division of the Foster Instrument Com- 
pany, Ltd., Letchworth, since 1953, has been 
appointed a Director of the Company. 





news of members 





Mr. B. C. Bennett, Associate Member, has been 
appointed Sales Engineer (Machine Tools) with 
Alfred Herbert, Ltd., and is responsible to the 
Birmingham office for the South Wales Area. 


Mr. Peter Black, Associate Member, is now Senior 
Lecturer in Mechanical Engineering at the Mid- 
Essex Technical College, Chelmsford. 


Mr. A. E. Capper, Associate Member, is now 
Plant Engineer with the Northern Electric Company, 
Ltd., London, Ontario. 


Mr. R. W. Edwards, Associate Member, formerly 
Chief Production and Planning Engineer with 
Bristol Cars, Ltd., is now Production Works Manager 
with Aston Martin and Lagonda Cars, Ltd. 


Mr. A. Gordon, Associate Member, has been 
appointed Manager of a new Production Engineering 
Department formed at the Newhouse (Lanarkshire) 
factory of Honeywell Controls, Ltd. Mr. Gordon 
joined the Company three years ago, during which 
time he has established a Quality Department. 


Mr. F. Howarth, Associate Member, is now Manager 
of Technical Sales and Product Development with 
the Extended Surface Tube Company, Ltd., 
Birmingham. 


Mr. Oswald F. Rendell, Associate Member, has 
relinquished his position as a Management Consultant 
with Urwick, Orr & Partners, Ltd., and is now a 
Consulting Production Engineer with T.I. Group 
Services, Ltd., Birmingham. 


Major R. A. Staker, Associate Member, is now 
Technical Adviser to 16 Base Vehicle Depot, R.A.O.C., 
Advanced Base (B.R. Forces), B.F.P.O.21. 


Mr. R. O. Watts, Associate Member, has been 
appointed Lecturer at The Forest of Dean Mining 
and Technical College, Cinderford, and will take up 
his duties on Ist January, 1961. 


Mr. F. D. Duffin, Graduate, has been promoted 
from Welding Technician to Chief Inspector with 
The Hughes Tool Company, Ltd., Belfast. 


Mr. D. W. Hall, Graduate, formerly with A.E.I. 
Ltd., Woolwich, is now a Development Engineer in 
the Fluid Power Division of the Baldwin Instrument 
Company, Dartford. At the recent inaugural 
presentation ceremony of the Associateships of 
Woolwich Polytechnic, Mr. Hall was the only student 
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to be awarded an Associateship for qualifying in 
Production Engineering. 


Mr. R. Kirkaldy, Graduate, is now a Methods 
Engineer with Electrolux, Ltd., Luton. 


Mr. L. E. Ramsbottom, Graduate, is now Chief 
Draughtsman with Tubes, Ltd., Kirby Muxloe, 





Leicester. 


He was formerly with the Talbot Stead 
Tube Company, Walsall. 


CORRECTION. In the October issue Mr. J. 
Harrison, Head of the Engineering Department of 
Dacorum College of Further Education, Hemel 
Hempstead, was described as a Graduate member 
when he is, in fact, an Associate Member. 








DIARY FOR 196l 


JANUARY 25 ~ 
(changed date ) 


The 1961 Lord Sempill Paper, at The Royal Aeronautical Society, London, at 
6.30 p.m. (See Supplement to this Journal.) 


Speaker : Sir Percy Hunting, F.C.I.S. 
Subject : “ The World’s Future Transport Requirements.” 


JANUARY 26 
at 2 p.m. 


NOVEMBER 1 


Annual General Meeting, 10 Chesterfield Street, Mayfair, London, W.1, 


Annual Dinner, Dorchester Hotel, London. 





BINDERS FOR “THE PRODUCTION ENGINFER ” 


The Institution is able to supply the “ Easibind ” 


type of binder, in which metal 


rods and wires hold the issues in place, and which is designed to hold six issues. 


It will be found that copies of “ The Production Engineer ” 


can be quickly and 


simply inserted into this binder, without damage to the pages, and that binding six 
issues at a time, instead of twelve, will facilitate easier reference and handling of 


the volumes. 


The binders may 


be obtained 


from: The Publications Department, 


10 Chesterfield Street, Mayfair, London, W.1, price 10/6 each, including postage. 
Date transfers, for application to the spine of the binder, can be supplied if 
required, price 6d. each. (Please specify the year required.) 
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Hazleton Memorial Library 





ADDITIONS 





Members are reminded of the following Library rule, which is frequently ignored : 
“The initial loan period is one month, and borrowers may keep books and 
periodicals for further periods of one month, if they ask the Librarian, and if 

no other borrower wants them. Applications for renewal may be made by 


post or telephone.” 


Averbach, B. L. ‘“* Tool Steels.” New York, Climax 
Molybdenum Company, 1960. 32 pages. Illustrated. 
Diagrams. 


The author is on the staff of Massachusetts Institute of 
Technology. He discusses the principal types of tool 
steel that contain molybdenum, summarises some aspects 
of the heat treatment and microstructural constituents, 
and pays particular attention to the hot hardness of these 
steels. The factors which influence dimensional behaviour 
are discussed and some typical applications of tool and 
die steels are shown. 


Board of Trade. “* Index of Industries and Products, with 
the Government Departments Principally Concerned.” 
London, Board of Trade, February, 1960. 34 pages. 2s. 
including postage. (Obtainable from the Board of Trade 
Library.) 


Boehm, George A. W. and the Editors of Fortune. ** The 
New World of Mathematics.” London, Faber © Faber, 
1959. 128 pages. Diagrams. 10s. 6d 


This work appeared firstly as a series of articles in the 
American magazine, Fortune. The series set out to 
“convey the new feeling of mathematics to its nation- 
wide readers”, and to impress on the public the import- 
ance in this age of the science of mathematics. 

Contents include: the “ group ” concept, the Intuition- 
ists, Motivation, new uses of the Abstract including the 
“games theory”, and the “random walk” theory, 
Roulette by Computer, the Monte Carlo method and 
an appendix covering some mathematical recreations, old 
and new, such as the paths on a doughnut and the 
paradox of the middle thirds. The book is intended for 
the layman. 


Butler, J. ‘* Compression and Transfer Moulding of 
Plastics.” London, Iliffe for the Plastics Institute; New 
York, Interscience Pub., 1959. 230 pages. Illustrated. 
Diagrams. 35s. 


This work forms part of the Engineering Series of the 
Plastics Institute edited by H. Barker. The original 
monographs available only to members of the Institute 
have been revised and new ones added to cover latest 
developments in each branch. The sections on com- 
pression moulding and moulds are new but the part on 
transfer moulding is almost wholly the material of the 
original monographs. 


Carter, C. F. and Williams, B. R. “ Science in Industry, 
Policy for Progress.”” (On behalf of the Science and 
wv Committee.) London, O.U.P., 1959. 186 pages. 
21s. 






This is the third of a series of Reports written for the 
Science and Industry Committee. The first two Reports, 
Industry and Technical Progress, and Investment in 
Innovation, deal with the factors which determine the 
speed of application of new scientific knowledge in 
industry. This book covers suggestions for policy which 
should be taken by industry and the Government to 
implement such ideas. 

Action should be taken by industry in regard to such 
matters as work study, production, general communica- 
tion of ideas, the use and conduct of research and 
development and the finance of innovation. In order 
to assist, the Government should concentrate more on 
such factors as aid for research and development, educa- 
tion, taxation, credit, foreign trade, and the control of 
restrictive practices. 


Chapanis, Alphonse. “ Research Techniques in Human 
Engineering.” Baltimore, John Hopkins Press, 1959. 
316 pages. Diagrams. 48s. 


Discusses the problems and techniques of “ human 
engineering ”, that is, ways of designing machines and 
operations so that they match human capacities and 
limitations. 

Contents: Introduction — Methods of direct operation 
— Methods for the study of accidents and near acci- 
dents — Statistical methods — The experimental method 
— Some special problems in experimenting with people 
— The psychophysical methods — Articulation testing 
methods — Bibliography. 


Cotton Board, Manchester. Papers prepared for the Cotton 
Board Spring Productivity Conference on Mill Manage- 
ment in the nimeteen-sixties. Lytham St. Annes, 
26th - 28th February, 1960. Manchester, Cotton Board 
Productivity Centre, 1960. 55 pages. 


Contents: Gregory, H. G.—The role of the production 
engineer; Hodara, Ralph—Implications of re-equipment; 
Crow, W. C.—Implications of multi-shift working ; Report- 
ing back of discussion group leaders — Winterbottom, 
W. T. Concluding remarks. 





Dennett, Herbert. “* Unit Stock and Store Control.” 
London, Business Publications, 1957. 194 pages. 
Illustrated. 25s. 


A useful textbook on the subject of stores control. 

Contents include: The purpose of unit control, single 
shop retailer stocks, small multiple store stocks, large 
multiple, the store, wholesalers, manufacturers, The 
principles of unit stock control; Manual systems of 
stock control; Semi-automatic methods of control; 
Automatic methods of control; Special applications of 
unit stock control in, inter alia, jewellery trade; shoe 
shops, carpet manufacturers, retail bakery and grocery 
trade; a co-operative ordering scheme 
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Dombrow, 


Bernard A. “ Polyurethanes.”” New York, 
Reinhold; London, Chapman and Hail, 1957 (Rep. 1960). 
176 pages. Illustrated. Diagrams. (Reinhold Plastics 
Applications Series.) 36s. 


Surveys the properties and applications of polyurethanes. 
Like the other books in the Plastics Application Series 
this one is essentially a book for the user of plastics who, 
it is assumed is not necessarily a chemist. The chemical 
side of the subject, is, therefore, presented in a simple 
manner. 

Contents : 

- Semi-rigid 


Introduction — Chemistry — Rigid foams 
foams — Flexible foams — Rubbers — 





Miscel- 


Adhesives — Coatings - 
laneous — Handling of disocyanates — Bibliography. 


- Textile applications — 


Investment Casting Institute, Chicago, Ill. ** How to Design 


and Buy Investment Castings.” Edited by Robert G. 
Herrmann. Chicago, Ill., the Institute, 1960. 165 pages. 
Illustrated. Diagrams. Tables. 


Contents: What investment castings can do for you - 
Basic production techniques—- What metal to use? 
— Investment casting from vacuum alloys — Determining 
quality of cast parts — Designing for investment castings 
— How to buy investment castings. 
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ACCOUNTANCY 
Pascoe, R. F. Effective teamwork between accountant and 
production engineer. Aug. p. 441. 


AIRCRAFT MANUFACTURE — Clamping. 
See Clamping — Aircraft Components. 


AIRCRAFT MATERIALS 
Nash, S. E.G. Metallic materials and process development for 
airframe applications. January p. 32. 


ARC WELDING. 
See Welding, Electric Arc. 
AUSTRALIA — Engineering Research. 


Coombes, L. P. Engineering research and its status in Australia. 
September p. 484. 


BAR DRAWING 
See Tube, wire and bar drawing. 
BATCH PRODUCTION 


Ward, I. M. L. Batch production: new approaches to problems 
of factory control. July, p 


BIRMINGHAM. COLLEGE OF ADVANCED TECH- 
NOLOGY. 

Worth, T. B. Production engineering at The College of Advanced 
Technology, Birmingham. February p. 75 


BUILDING 
See Concrete Wall Slab Production. 


BUSINESS SIMULATION EXERCISES. 
Sury, R. J. Business simulation exercises. July, p. 419. 


CARBIDE CUTTING TOOLS. 
See Cutting Tools, Tungsten Carbide. 


CLAMPING — Aircraft Components. 
Butler, G. N. Solving a clamping problem in the aircraft 
industry. August, p. 471. 


CONCRETE WALL SLAB PRODUCTION. 
Stanford, N. W. Concrete house production: a study of factory 
reorganisation. August, p. 447. 
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COOLANTS. 
Haden, V. J. Recent developments in machine tool coolants. 
September, p. 529. 


COPY TURNING LATHES. 
See Lathes, Copy Turning. 


CUTTING FLUIDS 
See Coolants. 


CUTTING TOOLS, TUNGSTEN CARBIDE. 
Snow, J. D. The tungsten carbide rotary cutter. November, 
p. 656. 


DRAWING, TUBE WIRE AND BAR. 
See Tube, bar and wire drawing. 


DROP FORGING — Heat treatment furnaces. 
See Furnaces, Heat Treatment — Drop Forging. 


EDUCATION, TECHNICAL AND PROFESSIONAL. 

See also Management — Training; Production Engineering — 
Training. 

Thomas, A. E. Technical education in Canada, Britain and 
the United States. May, p. 309. 


FACTORY DESIGN AND LAYOUT. 
Allen, W. Factory design of the future. June, p. 347. 


FURNACES, HEAT TREATMENT — Drop Forging. 
Betts, C. G. W. The evolution of stock and heat treatment 
furnaces for drop forging. June, p. 365. 


GEARS AND GEARING. 
Timms, C. Recent developments in spur and helical gears. 
June, p. 321. 


GRINDING — Research. 
Grisbrook, H. Precision grinding research. Part 1, May, p. 251; 
Part 2, June, p. 341. 


HEAT TREATMENT FURNACES 
See Furnaces, Heat Treatment. 
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HUMAN RELATIONS IN INDUSTRY 


See Sociology, Industrial. 


INDIA 
Cooper, F. W. A visit to India. March, p. 189. 


INDUSTRIAL SOCIOLOGY 
See Sociology, Industrial. 


INSPECTION 
See Quality control and inspection. 
INVENTORY CONTROL — Perishable Goods. 


Eilon, Samuel. Inventory control: a problem in stocking 
perishable goods. April, p. 210. 


LATHES 
Kumar, Sant. The effect of using constant cutting speed during 
facing operations on a centre lathe. February, p. 112. 


LATHES — Manufacture. 

brown, N. The inspection approach to the essential requirements 
for the manufacture of centre lathes by line assembly. 
November, p. 668. 


LATHES, COPY TURNING 
King, I. B. Copy turning lathes. Part 1. January, p. 17; 
Part 2. March, p. 147; Part 3. May p. 291. 


LUBRICATION. 
See Tube Wire and bar drawing — Lubrication; Coolants. 


MACHINE TOOL CONTROL 

Machine tool control systems: a symposium . . . held at the 
College of Aeronautics, Cranfield . . . August, 1960. 

Koenisberger, F. Design. October, p. 567. 

Beer, Stafford. Overall control. October, p. 569. 

Loxham, John. The potentialities of accurate measure- 
ment and automatic control in production engineering. 
December, p. 695. 


MACHINE TOOL CONTROL, NUMERICAL. 
Millyard, P. W. and Brewer, R. C. Some economic aspects of 
numerically controlled machine tools. March, p. 241. 


MACHINE TOOL DESIGN. 
Field, E. W. The future trends of machine tool design. 
June, p. 319. 


MACHINE TOOL INDUSTRY. 
Rawson, Stanley. Machine tool development and _ national 
economy. October, p. 549. 


MACHINE TOOL MANUFACTURE — Lathes. 
See Lathes — Manufacture. 


MACHINE TOOLS. 
See Previous headings; and Grinding; Lathes; Milling Machines; 
Presswork. 


MANAGEMENT. 

See also Batch production; Business simulation exercises; 
Inventory control; Mechanisation; Predetermined Motion 
Time Standards. 

Mockler, R. G. An introduction to production engineering 
administration. July, p. 399. 

Wilmot, Harold. The management burden. July, p. 391. 


MANAGEMENT — Training. 
Hiner, Owen S. Management education and training in 
Scandinavia. March, p. 177. 


MANAGEMENT CONSULTANCY. 
Wilson, A. D. The management consultant’s place in industry. 
August, p. 456. 


MATERIALS HANDLING GROUP OF THE 
INSTITUTION. 
Rattlidge, F. E. The Materials Handling Group: a report 
by the Chairman. January, p. 45. 


MECHANISATION. 
Tearne, W. Mechanisation of old-established industries. 
March, p. 169. 





METHODS TIME MEASUREMENT. 

Krishna, B. and Eilon, S. A comparison between Work Factor 
and Methods Time Measurement systems in work measure- 
ment for short cycles. June, p. 377. 


MILLING MACHINES. 

Koenisberger, F. The dynamic performance of a milling 
machine. May, p. 270. 

NORTHAMPTON COLLEGE OF ADVANCED TECH- 
NOLOGY, London. 

Williams, G. M. E. Production technology at The Northampton 
College, London. March, p. 137. 

NUCLEAR REACTOR CONTAINMENT BUILDINGS 

Nuclear reactor containment buildings and pressure vessels: 
a symposium, August, p. 474. 


NUMERICAL CONTROL OF MACHINE TOOLS 
See Machine Tool Control, Numerical. 


OPERATIONAL RESEARCH. 
Shephard, R. W. Least cost scheduling of daily local deliveries: 
an application of dynamic programming. November, p. 629. 


PACKAGING. 
Bulmer, C. H. The packaging of engineering products. 
September, p. 497. 


PERISHABLE GOODS — Inventory Control. 
See Inventory Control — Perishable Goods. 


POLAND. 
Cooper, F. W. A visit to Poland, September, p. 537. 


PREDETERMINED MOTION TIME STANDARDS. 

Krishna, B. and Eilon, S. A comparison between Work Factor 
and Methods Time Measurement systems in work measure- 
ment for short cycles. June, p. 377. 


PREFABRICATED BUILDINGS — Concrete Wall Slab 
Production. 
See Concrete Wall Slab Production. 


PRESSWORK. 

Saunt, J. A. Shear on press tools; a new approach. April, 
p. 216. 

PRODUCTION PLANNING AND CONTROL — Batch 
Production. 

See Batch production. 

PRODUCTION ENGINEERING. 

Gregory, H. G. The role of the production engineer. August, 
p. 468. 

PRODUCTION ENGINEERING — Research. 

Dudley, N. A. Engineering production research. April, p. 195. 


PRODUCTION ENGINEERING — Soviet Union. 
See Soviet Union — Production Engineering. 


PRODUCTION ENGINEERING — Training. 

Barber, E. G. Training production engineers for the jobbing 
industries. March, p. 182. 

Cooper, F. W. The education in Great Britain of the young 
production engineer. October, p. 578. 

Williams, G. M. E. Production technology at The Northampton 
College, London. March, p. 137. 

Worth, T. B. Production engineering at The College of Advanced 
Technology, Birmingham. February, p. 75. 


PRODUCTION ENGINEERING IN RELATION TO 
NATIONAL ECONOMY. 

The Production Engineer in a changing economy. (Report of 
Conference, April 1960). August, p. 461. 


QUALITY CONTROL AND INSPECTION 

Brown, N. The inspection approach to the essential 
requirements for the manufacture of centre lathes by line 
assembly. November, p. 668. 

Mander, H. W. The control of product quality. October, 
. 598. 

hineniaes H. W. Appreciating the need for control of 
quality. December, p. 725. 

Nixon, F. The value of the control of product quality. 

November, p. 638. 
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RESEARCH. 
Coombes, L. P. Engineering research and its status in Australia. 
September, p. 484. 


RESEARCH — Grinding. 
See Grinding — Research. 


RESEARCH — Production Engineering. 
See Production Engineering — Research. 


RESISTANCE WELDING. 

See Welding, Electric Resistance. 

SCANDINAVIA — Management Training. 

Hiner, Owen S. Management education and training in 
Scandinavia. March, p. 177. 

SECRETARY OF THE INSTITUTION — Overseas Tour 
Report, October, p. 604. by W. F. S. Woodford, Secretary. 

SOCIOLOGY, INDUSTRIAL. 


Banks, R. A. Human relations in industry. January, p. 2. 
Marsh, John. The cult of the self-made man. December, p. 681 


SOVIET UNION — Production Engineering. 

Galloway, D. F. Production engineering developments in the 
Soviet Union. February, p. 79. 

STANDARDISATION. 

See also Variety reduction. 

Glass, H. M. International standardisation and the free trade 
area. June, p. 383. 

STOCK CONTROL. 

See Inventory control. 

TECHNICAL EDUCATION. : 

See Education, Technical and professional; Production Engineer- 
ing — Training; Management-Training. 


TUBE BAR AND WIRE DRAWING — Lubrication. 
Hawkins, J. S. Friction and lubrication in engineering pro- 
duction: wire tube and bar drawing. April, p. 226. 


TUBES — Welding. 
See Welding, Electric resistance — Tubes. 


TUNGSTEN CARBIDE CUTTING TOOLS. 
See Cutting Tools, Tungsten Carbide. 


UNION OF SOVIET SOCIALIST REPUBLICS. 
See Soviet Union. 


VARIETY REDUCTION 
Sanders, T. R. B. Variety reduction: its importance in industry. 
February, p. 122. 


WELDING, ELECTRIC ARC 
Wrate, W. A. Recent and current developments in electric 
arc welding. November, p. 646. 


WELDING, ELECTRIC RESISTANCE — Tubes. 
Swinn, E. J. Improving the productive efficiency of electric 
resistance weld tube mills. June, p. 357. 


WIRE DRAWING. 


See Tube, wire and bar drawing. 


WORK FACTOR SYSTEM 

Krishna, B. and Eilon, S. A comparison between Work Factor 
and Methods Time Measurement systems in work measure- 
ment for short cycles. June, p. 377. 


WORK STUDY. — Predetermined Motion Times. 
See Predetermined Motion Time Standards. 





Author Index to Papers Published, 1960 


Allen, W. June, p. 347. 

Banks, R. A. January, p. 2. 

Barber, E.G. March, p. 182. 

Beer, Stafford. October, p. 569. 

Betts, C.G. W. June, p. 365. 

Brewer, R. C. March, p. 141. 

Brown, N. November, p. 668. 

Bulmer, C. H. September, p. 497. 

Butler, G. N. August, p. 471. 

Coombes, L. P. September, p. 484. 

Cooper, F. W. March, p. 189; October, p. 578. 
Dudley, N. A. April, p. 195. 

Eilon, Samuel. April, p. 210; June, p. 377. 

Field, E. W. June, p. 319. 

Galloway, D. F. February, p. 79. 

Glass, H. M. June, p. 383. 

Gregory, H. G.  p. 468. 

Grisbrook, H. May, p. 251; June, p. 341. 

Haden, V. J. September, p. 529. 

Hawkins, J. S. April, p. 226. 

Hiner, Owen S. March, p. 177. 

King, I. B. January, p. 17, March, p. 147; May, p. 291. 
Koenigsberger, F. May, p. 270; October, p. 567. 
Krishna, B. June, p. 377. 

Kumar, Sant. February, p. 112. 

Loxham, John. December, p. 695. 

Mander, H. W. October, p. 598; December, p. 725. 
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Marsh, John. December, p. 681. 
Millyard, P. W. March, p. 141. 
Mockler, R. G. July, p. 399. 

Nash, S. G. E. January, p. 32. 
Nixon, F. November, p. 638. 
Pascoe, F. R. August, p. 441. 
Rattlidge, F. E. January, p. 45. 
Rawson, Stanley. October, p. 549. 
Sanders, T. R. B. February, p. 122. 
Saunt, J. A. April, p. 216. 
Shephard, R. W. November, p. 629. 
Snow, J. D. November, p. 656. 
Stanford, N. W.  p. 447. 

Sury, R. J. July, p. 419. 

Swinn, E. J. June, p. 357. 

Tearne, W. March, p. 169. 
Thomas, A. E. May, p. 309. 
Thomas, C. June, p. 321. 

Timms, C. June, p. 321. 

Ward, I. M. L. July, p. 409. 
Williams, G. M. E. March, p. 137. 
Wilmot, Harold. July, p. 391. 
Wilson, A. D. August, p. 456. 
Woodford, W. F. S. October, p. 604. 
Worth, T. B. February, p. 75 
Wrate, W. A. November, p. 646. 
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Announcing 
a change of name 


WAKEFIELD-DICK 
INDUSTRIAL OILS LTD. 


will become 


CASTROL INDUSTRIA 


LIMITED 





On the 2nd January 1961 we will, subject to the approval of 
the Board of Trade, change our name from 

Wakefield-Dick Industrial Oils Limited to Castrol Industrial Limited. 

Many customers have always called us the “Castrol Firm”, yet 
some of our older friends will wish to know the reason for the change. 

Since the war, our world business has multiplied, and with the 

post-war generation it is the name Castrol which has the greater 
significance. Therefore, to simplify the identification of our 

group, we have decided that our Industrial Company 

will go forward under the Castrol name. 


CASTROL HOUSE, MARYLEBONE ROAD, N.W.1. HUNTER 4455 





The new symbol for Castrol Industrial Limited 











economy are features of the latest 

Thread Grinders designed for precision and pro- 
duction grinding of regular or irregular thread forms 
and profiles, helical or annular. 


3 MODELS ‘T”’ A universal toolroom machine, also designed for manufact 
of superior quality screw gauges, micrometer screws, etc. 
‘P’ For quantity production of taps, hobs milling cutters, ete, 
and plunge cut grinding of threaded components. 
Models ‘T’ and ‘P’ are available with either 16” or 32” capacity 
between centres, both sizes swing 10” dia. up to 4” from spindle 
nose and 8” at any point. 


‘NLA’ A fully automatic machine for high speed production of 
taps up to 4” diameter. 


thread grinder 





rNEWALL GROUP SALES LIMITED 














The Council of the Institution 


1960/1961 


President 
G. Ronald Pryor 


Vice-President 
H. Burke 


Chairman of Council 


R. H. S. Turner 


Vice-Chairman of Council 


A. L. Stuchbery 


Immediate Past Chairman of Council 


H. W. Bowen, O.B.E. 


Past Presidents 


Major-General K. C. Appleyard, C.B.E. Sir George Bailey,C.B.E. The Rt. Hon. the Earl of Halsbury E. W. Hancock, O.B.E. 
Sir Leonard Lord, K.B.E. The Rt. Hon. Viscount Nuffield, C.H., G.B.E. Sir Walter Puckey Norman Rowbotham, C.B.E. 
J.D. Scaife Dr. H. Schofield, C.B.E. The Rt. Hon. the Lord Sempill, A.F.C. 


Presidents of Councils outside the United Kingdom 


AusTRALIAN CounciL — J. M. Steer 
Inp1AN Councit — T. R. Gupta 
SoutH AFrican Councit — G. G. Tardrew 


Chairmen of Regional Committees 


East & West Ridings Northern South Eastern 
H. Crompton A. Cameron W. Robinson 
Eastern North Western Southern 
L. A. Childs H. Mason C. Sumner 
Midlands Northern Ireland South Western 
T. W. Elkington E. W. Huggins F. G. C. Sandiford 


North Midlands Scotland Wales 
A. G. Clark H. W. Townsend W. H. Bowman 


Additional Representatives on Council 


East & West Ridings North Western 
R. W. Asquith H. G. Gregory 
Midlands South Eastern 

E. P. Edwards G. Kelly 


Chairmen of Standing Committees 


John M. Brice R. M. Evans J.C. Z. Martin R. V. Rider W. G. Ainslie H. Stafford J. A. W. Styles 
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Elected Members 
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Overseas Councils 


AUSTRALIA 
President 
J. M. Steer 
Chairman 
E. J. W. Herbert 
Immediate Past President Vice-Chairman Honorary Secretary Honorary Treasurer 
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Section Representatives 
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President Ist Vice-President 2nd Vice-President 
G. G. Tardrew E. H. Dallas D. A. Petrie 


Past Presidents 


A.B. Anderson R.H. Arbuckle L.H.L.Badham D.N.S.Clare W.G. Gillespie H.J.G.Goyns D.E.Hamm #§J. Henry 
T.H. Hunter D.Lion-Cachet C.J. Mogford J. Renwick 


Elected Members 
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An Exhibition in itself... a 























one of WARDS 
JMACHINERY SHOWROOMS 
AT SHEFFIELD 


Others at: SILVERTOWN (LONDON) : GLASGOW : BRITON FERRY 
VISITORS ARE ALWAYS WELCOME AND 
REMEMBER — WARDS MIGHT HAVE IT! 





ALBION WORKS - SHEFFIELD 

"PHONE 26311 (22 lines). “GRAMS ‘FORWARD SHEFFIELD’ 

THOS. W. WARD LTD LONDON OFFICE: BRETTENHAM HOUSE 
LANCASTER PL. STRAND W.C.2, PHONE TEM 1515 

G.56 


































Here is a tough and hardwearing mater- 
ial, only half the weight of aluminium, 
that can be machined easily with the 
usual engineering tools. It may be turned, 
milled, filed, drilled, routed, screwed and 
tapped, sawn or punched to make com- 
ponents of almost any shape. No wonder 
Tufnol is used extensively for engin- 
eering components. It’s so adaptable. 





Ask our Engineer to come and talk 
Tufnol with you. 





STRONG BUT LIGHT 

RESISTS CORROSION 
WITHSTANDS CLIMATIC EXTREMES 
GOOD ELECTRICAL INSULATOR 
MACHINES EASILY 


CAN BE STORED INDEFINITELY 
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TUFNOL 


(Regd. Trade Mark) 


Available in sheets, tubes, rods, angles, channels and in several brands 





East & West Ridings eee 
Eastern... eee te 
Midlands ... es wore 
North Midlands ... de 
Northern ... és ees 
[ North Western ... Sea 


Adelaide (South Australia) ... 

Melbourne ( Victoria,Australia ) 

Melbourne Graduate — 
Australia) ... as 

Sydney (New South " Wales) 


Canada ree bas 


Calcutta ies ima eee 


New Zealand aua éua 


South Africa ... rer sea 


Birmingham ... 

Cornwall see eee coe 
Coventry eee eee eee 
Derby ee one ese 


Doncaster... aoe sue 

lee ane + sue 
Edinburgh ... ike cite 
Glasgow eee eee eee 
Gloucester... sae ee 
Halifax & Huddersfield ve 
Ipswich & Colchester ose 
Leeds ens ane wen 
pag & District .. — 


ae eee eee ose 
London eee eee eee 


Luton ae éve “ea 
Manchester ... ne éte 
Newcastle upon Tyne ave 
S Northern Ireland... ae 
Norwich “ee re oes 
Nottingham ... vee wae 
Oxford Mee see ane 
Peterborough ean ee 
Preston ies ee eee 
Reading an = nee 
Rochester & District gee 
Sheffield “a “es aan 
Shrewsbury ... ares eee 
Southampton Per evs 
South Essex ... ‘ie — 
Stoke-on-Trent sac ais 
Tees-Side__... eee tee 
Western eae exis aaa 
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REGIONAL HONORARY SECRETARIES 


Keightley Northern Ireland ... wae J. G. Easterbrook 
Brook Scotland ... eee “ae W. H. Marley 
A. C. Turner South Eastern... eee J. Aikman 
J. Cox Southern ... eve eee J. W. Taylor 
T. Young South Western... sve A. Eustace 
J. P. Speakman Wales wae aes ee. A. E. Haynes 


SECTION HONORARY SECRETARIES 


AUSTRALIA 
B. H. M. Coombes, 11 Elmo Avenue, Westbourne Park, Adelaide, Australia. 
A. G. Jones, 13 Laburnum Street, Middle Brighton, Victoria, Australia. 
E. P. H. James, 455 Stephenson Road, Mount Waverley, Melbourne, Victoria, Australia 
K. G. Slorach, 98 Church Street, Castle Hili, New South Wales, Australia. 


CANADA 
A. M. Hand, 18 Rintella Court, Scarborough, Ontario, Canada. 


INDIA 


R. Rai, 85 Marine Drive, Bombay 2, India. 
C. K. Haldar, Asst. Director General, Ordnance Factories, 6 Esplanade East, Calcutta, 1 


NEW ZEALAND 
A. F. Noutch, 6 Trafalgar Road, Milford, Auckland, New Zealand. 


SOUTH AFRICA 


A. Aitken, 209-211 Pharmacy House, 80 Jorissen Street, Johannesburg, P.O. Box 10837 
South Africa. 


UNITED KINGDOM 


W. Silberbach, 45 Bagnell Road, Kings Heath, Birmingham, 14 

A. E. Haynes, c/o A. B. Metal Products Ltd., Abercynon, Glamorgan. 

F. G. Hawke, 3 Bellevue Terrace, East Hill, Tuckingmill, Gaaboone, Cornwall 

A. S. Hopkins, 39 Oaks Road, Kenilworth, Warwicks. 

W. F. Radford, 15 Sherwood Avenue, Chaddesden, Derby. 

G. R. Wimpenny, 16 Tickhill Square, ’Denaby Main, Doncaster. 

A. J. Fraser, 51 Fintry Drive, Dundee. 

D. A. Bowman, The Scottish Council (Dev. and Ind.), 1 Castle Street, Edinburgh. 

W. H. Marley, North British Locomotive Co. Ltd., Diesel Engine Division, Atlas Works, 

Springburn, Glasgow, N.1. 

A. M. Blew, Field Place, Badgeworth Road, Cheltenham, Gloucestershire. 

D. B. Verity, Kendoon, 168 Roils Head Road, Norton Tower, Halifax, Yorks. 

M. D. Blake, Davey, Paxman & Co. Ltd., Standard Ironworks, Colchester, Essex. 

J. Kei htley, 42 Kingsley Avenue, Adel, "Leeds, 16. 

J. A. Stovin, 14 Queens Drive, Leicester Forest East, Leicester. 

H. Wright, i01 Longdales Road, Lincoln. 

H. Mason, 51 Stairhaven Road, Liverpool, 19. 

H.  s H. Palmer, Creed & Co. Ltd., Telegraph House, Croydon, Surrey 

J. F. W. Galyer, Engineerin Department, uton & South Bedfordshire College of Further 
Education, Park Square, Luton, bedfordshire. 

J. P. Speakman, 223 Douglas Road, Atherton, near Manchester. 

L. R. Douglass, Gateshead Technical Colle €, Durham Road, Gateshead, Co. Durham. 

J. G. Easterbrook, “ Hilleen”, 22 Ascot ark, Knock, Belfast. 

J. I. Hilder, 2a Gorse Road, Thorpe, Norwich. 

K. Liquorish, 28 Mona Street, Beeston, Nottingham. 

K. F. Watson, 30 Stanway Road, Headington, Oxford. 

N. Holmes, “ "Arncliffe met Mary Armyn Road, Orton Longueville, Peterborough. 

M. A. Goody, 1 Langdale Crescent, Ribbleton, Preston, Lancashire. 

P. J. Smallbone, ‘‘ Maryfield ”, Darlington Road, Basingstoke, Hants. 

W. G. Clements, 11 Charing Road, Gillingham, Kent. 

W. Edwards, 2 Wollaton Drive, Bradway, Sheffield 

W. M. Buchan, Llanberis, 36 Mytton Oak Road, Shrewsbury. 

J. W. Taylor, High Mead, Kane’s Hill, Thornhill, Southampton. 

E. R. Easman, 4 Onslow Close, Chingford, E.4. 

W. Elliott, 1 Longview Avenue, Alsager, Stoke-on-Trent. 

C.-L. Clarke, 11 Alder Road, Cimla, Neath, South Wales. 

W. Roberts, “Rosecroft”, Thirsk Road, Yarm-on-Tees, Yorkshire. 

A. Eustace, 19 Ferndale Road, Northville, Bristol, 

Wi. Vaughan, “ Windsor ”, 19 Windermere al ‘Tettenhall, Wolverhampton, Staffs. 

R. Wheeler, Old Farm House, 7 Parish Hill, Bournheath, near Bromsgrove, Worcestershire. 








CORRESPONDING MEMBER IN MIDDLE EAST 


‘ J. Merkine, 45 Arlozoroff Street, Ramat-Gan, Israel. 


CORRESPONDING MEMBER IN RANGOON 


J. T. Foster, Office of the Principal, Regional Marine Diesel Training Centre, 
Dalla Dockyard, Inland Water Transport Board, Phayre Street, Rangoon, Burma. 


CORRESPONDING MEMBER IN FEDERATION OF REODESIA AND NYASALAND 
R. P. W. Curtis, Copper Belt Technical Foundation, Chingola, Northern Rhodesia. 


CORRESPONDING MEMEER IN WEST AFRICA 


H. P. Halfter, Gold Coast Railways & Harbour Admin., 
P.O. Box 202, Takoradi, Ghana, West Africa. 


GRADUATE SECTION HONORARY SECRETARIES 


Birmingham ... J. R. Brownsword, 202 Buryfield Road, Solihull, Warwickshire. 
Coventry N. A. Martin, 2 Home Farm Crescent, Whitnash, Leamington Spa. 
Leeds B. Noble, “ Laneside”’, 25 Intake Lane, Batley, Yorks. 

Liverpool S. D. Allanson, 27 Scargreen Avenue, West Derby, Liverpool, 11. 
London B. W. Jenney, 58 Langdale Gardens, Perivale, Middlesex. 

Luton . D. A. Slough, 41 Felix Avenue, Luton, Bedfordshire. 

Manchester ... 


Neweastle upon Tyne 


Rochester & District 
Sheffield ‘> 
Western .* 
Wolverhampton 


T. A. Bainbridge, 7 Jubilee Milnrow Road, Shaw, Nr. Oldham, Lancashire. 
M. Dewhurst, 6 Gerrard Road, Whitley Bay, Northumberland. 

D. M. Samson, 123 York Road, Maidstone, Kent. 

P. Brown, 21 Rowan Tree Dell, Totley, Sheffield. 

R. J. M. Watt, 19 Cranham Road, Henleaze, Bristol. 

IR. Jones, “Shalimar”, Clive Road, Pattingham, Wolverhampton, Staffordshire 


LOUGHBOROUGH COLLEGE STUDENT SECTION 


Chairman : 
D. R. Stockdale, 12 Northwood Road, Hilsea, Portsmouth, Hants. 


Honorary Secretary: 
B. G. Cousins, Dept. of Industrial Engineering, College of Technology, Loughborough, Leics. 


MATERIALS HANDLING GROUP 


Chairman: 
A. E, Dupree, 140 Hockley Hill, Birmingham, 18. 


Acting Secretary: 
Miss B. Trigg, 10 Chesterfield Street, Mayfair, London, W.1. 


EDUCATION DISCUSSION GROUPS 
London Centre 


Chairman : 
D. E. Peerman, “ Eastway,” Dundale Road, Tring, Herts. 


Honorary Secretary: 
D. R. C. Holmes, 35 Sandringham Drive, Ashford, Middlesex. 
MidJand Centre 


Chairman: 
W. L. Jackson, Senior Lecturer in Production Engineering, Chance Technical College, Smethwick. 


Honorary Secretary: 
N. Ward, 88 Sutton Oak Road, Streetly, Sutton Coldfield. 
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Mobil Cutting Oils 


SPEED PRODUCTION 


Machine tool operation is daily becoming more 
complex . . . more difficult. Industrial speed-up and 
continuous production depend on cutting oils 
designed to fit each individual job. 

Today Mobil Cutting Oils make hundreds of 
difficult cutting jobs possible. 

These special oils are helping to increase the 
efficiency of machining operations everywhere. 
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Heavy Duty Gear Shaping 


This Maxicut 3A Gear Shaper is employed for the 
production of gears and internal dogs for commercial 
vehicle synchromesh gearboxes. Applications such 
as this demonstrate the versatility, ease of setting 
and high output capabilities of this machine. 

The No. 3A Maxicut cuts spur and helical gears up 
to 18” pitch dia. Write today and get full details. 


DRUMMOND BROS. LTD. 
GUILDFORD : ENGLAND 


Sales and Service for the British Isles 


DRUMMOND-ASQUITH LIMITED 


Member of the Asquith Machine Too! Corporation 


KING EDWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431. Also at LONDON Phone: Trafalgar 7224 & GLASGOW Phone: Centrat 0922 
0217 
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Sets up fast — Like a turret lathe 









Hill 
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CATT 


ZAC 


Single Spindle 
Chucking Automatic 


Ease and Speed of Setup, Fast Automatic Operation and 
Extreme Precision—these are the highlights of the 
Warner Swasey Asquith 2AC Single Spindle Chucking 
Automatic. With “No Cams to Change” it has the 
advantage of automatic operation without the usual 
time consuming setup procedure. The pentagonal 
control drum equipped with adjustable trips selects, 
feeds, speeds and length of cutting stroke. Permanent 
cams are used for the turret and cross slides and these 
two mechanisms eliminate all cam changing. 


On the left is a typical production example — a 


manganese bronze adjuster nut, completed, including 
both threads, in one operation on the 2AC. 





Write today for a catalogue describing the Warner 
Swasey Asquith 2AC. 
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Sales and Service for the British Isles 


DRUMMOND-ASQUITH LIMITED 


Member of the Asquith Machine Tool Corporation 





KING EDWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431. Also at LONDON Phone: Trofaigar 7224 & GLASGOW Phones Centra/ 0922 
WSA428 
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for fast, automatic 
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cleaning of metal parts 


ue 

















Dawson Rotary Drum 
machine arranged for 
washing, rinsing and 
drying steel bolts. Auto- 
matic loading is by skip 
hoist and vibrating 
feeder. 


4 holloware. 





Dawson machines for cleaning and degreasing 
are available in a wide range of standard types 
and purpose designed plant has been supplied 
for many applications. Write for a copy of 
the Dawson catalogue which gives full details 
or send information relating to your problem 
for a full investigation of the advantages of 
automatic cleaning. 


Sales and Service for the British Isles 


DRUMMOND-ASQUITH LIMITED 


Member of the Asquith Machine Tool Corporation 


Dawson Automatic Cylinder Block Washing machine for 
Austin Seven Blocks. 











Dawson Type “C” machine installed for cleaning aluminium T 








KING EDWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431. Also at LONDON Phone: Trafalgar 7224 & GLASGOW Phone; Centrai 0922 


HF439 
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Kange of brauction Heaters 
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INDUCTION HEATING UNITS 


These 6 kW induction heaters have been designed for con- 
tinuous operation and incorporate the latest design techniques. 
The generators are of medium impedance output being 
suitable for general purpose heating applications such as 
annealing, brazing, hard and soft soldering, hardening and 
tempering. The availability of a high work coil kVA in 
association with multi-turn coils permit the heating of a 
wide range of ferrous and non-ferrous loads. 





ium The oscillator value may be either air cooled (Type 
R.F. 3/A) or water cooled (Type R.F. 3/W) depending upon 
customer requirements. With the R.F. 3/A water is used 
only for cooling the tank and work coils. In the case of the 
R.F. 3/W a common water supply is employed for cooling 
the oscillator valve, tank and work coils. 


Due to the simplicity of operation unskilled labour may be 
employed enabling production costs to be reduced. The 
controls, indicator lamps, anode current meter and process 
timer are conveniently grouped on the front panel. Compact 
design allows the equipments to occupy the minimum of 
floor space. The equipments in operation are extremely 
dependable as a result of advanced design and the use of 
components of proved reliability. 

















To Pye Ltd. Process Heating Division, 28 James Street, Cambridge 


FREE TECHNICAL ADVICE is offered on the applica- 
Please send me details of Pye Process Heating Equipment. 


tions of R.F. heating to Tempering, Brazing and Harden- 
ing processes etc. Our technical representatives are at NAME sce a a ta 
your service, or we will send you full details—please tick 





he b he TERS LCS CUR pe eA oY OSES 

t I in t q 

appropriate box in coupon iia tle 
_—_ Please ask your Technical Representative Re Please send me ae 
922 PYE LTD. PROCESS HEATING DIVISION 16 sdlaphene for on appelmnat full details 








Telephone: CAMBRIDGE 57590 
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EQUIPMENT SUITABLE FOR 26° & 24” 
SWING LANG CENTRE LATHES. 


PROFILING 
LATHE CAPACITY. 
MODEL. LENGTH.| 
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“UNITRACE”” PROFILING EQUIPMENT SUITABLE 
FOR 16” TO 20” SWING LANG CENTRE LATHES. 


LATHE 
neon. [om ter 
8B (16”) gaz 42", 66" or 90” 
8B2 (20”) Lae 42", 66” or 90” 


UNIVERSAL INTERCHANGEABLE PROFILING 
SLIDES SUITABLE FOR LANG 30” & 36” SWING 
CENTRE LATHES AND 36° & 48” SWING 
SURFACING AND BORING LATHES. 


LATHE [PROFILING CAPACITY. 
MODEL. LENGTH. 
CENTRE LATHES 


mo] | ae 
oO] HL a 
AT ONE SETTING 


33CA4 (36")| 36°] 36" 
42ca4 (48")] 48"| 48" 


SUPPLIED WITH 4 BOLT TOOL SLIDE, 
OR QUICK CHANGE TOOL HOLDERS. 


JOHN LANG & SONS LTD. 


JOHNSTONE 
Telephone : Johnstone 400 


RENFREWSHIRE 


Telegrams: ‘‘ Lang Johnstone’’ 





_ 
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DESCRIPTION OF OPERATION 


. Chuck on X (using Loading Attachment) 


. Rough Bore A & 2;%” dia. and Chamfer 
. Face (2 Cuts) - 
. Rough Bore 10” dia. Rough Knee Turn B 
and Rough Taper TurnC~ - 
. Contour Face D & E (Rough & Finish) - 
. Finish Bore 10°Finish Knee Turn B and 
Finish Taper Turn C and Chamfer al dia. 
. Chamfer Outside Dias. - 

. Finish Microbore 2," dia. - - 

. Remove (using Attachment) : 









































CAST IRON 
CASTING 
Brinell No. 220/228 





Floor-to-Floor 
Time: 
17} mins. each. 


Tungsten Carbide 
Cutting Tools 





Spindle Surface 
Speed Speed 
R.P.M. Fr. per Min. 


prone | 93 | 278 | No. 10 TURRET 
few | 756 | LATHE 
Rear | 125 
Front 2 125 
580 FITTED WITH 18imTUDOR 3-JAW CHUCK 


SELLY OAK 
BIRMINGHAM 29 


TELEPHONE SELLY OAK //3/ 
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The controls of the BUTLER 
HYDRAULIC SLOTTER were 
designed as a co-ordinated 
system using standard Vicxrn 
Hydraulic Components. 
The Hydraulic Pump, Sequence 
Valves, Inching Controls and 
Locking Controls, were planned 
from the start toensure smooth, 
responsive, precise operation 
with push-button control, 











BUTLER 


42 ~. HYDRAULIC SLOTTER 


Ze BUTLER MACHINE TOOL (21? cu 


TELEPHONE 61641 


FOR PLANING SHAPING AND SLOTTING MACHINES 


B330-1B 
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Our range of industrial engines are a practical 
proposition for many types of industrial equipment 
. +. Compressors, cranes, pumps, contractor equip- 
ment, earth borers, generators, railcars, welding 
plant, works trucks, tractors and conversions. 
Simple design, modern flow-line production methods 


and common interchangeable parts contribute to 
the low cost of these high efficiency engines. And 
remember, every engine is fully backed by a 


bb Om a Bm 


Wherever you are, whatever your problem, 


800 





MOTOR COMPANY LIMITED - ENGLAND 


are at your service 


For further details of our 


INDUSTRIAL 
ENGINES 


and the equipment they power, 
send the coupon to your nearest Ford Dealer 
or direct to 


FORD MOTOR COMPANY LIMITED - PARTS DIVISION (G51) - AVELEY DEPOT - SOUTH OCKENDON - ROMFORD 





industry 


World-wide Parts and Service Organisation. Take 
your choice from a wide power range. . . Diesel 20 to 
86 b.h.p. and Petrol 11 to 87 b.h.p. (12-hr. rating). 
DIESEL ECONOMY 

— have you considered the replacement of existing 
power units in your equipment and trucks with the 
famous 4D Diesel engine? You'll have the unique 
advantages of economy, long-life and low running 
costs . . . plus the best service in the World! 








Please send me technical brochures of your *PETROL 
DIESEL Industrial Engines. The maximum B.H.P. required 
is at R.P.M. Also, please send details 
of the following equipment powered by your engines. 














Nature of Business -_...... sisi aisha teases 


<tinadieaitiimiipieiibane oampuientiae I CI assests eniteencs 
* Delete where not applicable G51-20°12 




















* ESSEX - ENGLAK D 
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Workshop angle 
and D.O. viewpoint 

























Now that machining costs are so high, the 
legibility of working drawings has become of 
supreme importance. ILFORD Azoflex 
photoprinting papers give maximum legibility 
combined with speed of production and long life 
in normal storage and use. That is the workshop 
angle combined with the viewpoints of the 
drawing stores and D.O. 


More specifically, the D.O. is interested in the 
Azoflex dyeline process because no ducting or 
darkrooms are necessary ; the process is dry, there 
are no fumes or excessive heat generated. 


An economical and time-saving feature is that the 
“ correctness of exposure/machine speed can be 
gauged and adjusted immediately, even in the 
largest Azoflex models, because the Azoflex copy 
emerges fully processed in seconds and within 
view and easy reach of the operator. 
Inexperienced staff quickly grasp the simple 

details of Azoflex machine operation. 


Photograph by courtesy of Duraglass Limited 





Your company might benefit. . . 

Many business and industrial concerns find that it pays 
to hire certain AZOFLEX machines — rather than buy 
them outright. Enquiries will be treated with the utmost 
discretion, and will not commit you in any way. 


Pes Izoflex 


Photoprinting Papers and Machines 





ILFORD LIMITED - INDUSTRIAL SALES DEPARTMENT AZ22M -: ILFORD -: ESSEX 
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cUT HERE 


Electrical Aids in Industry 


Electric Motors & Controls 1 





Most manufacturers today employ electric motive 
power through individual drives, which, among 
their many advantages, permit the right type of 
motor to be used for each of various types of 
machine. The range of motors available—each with 
its own characteristics—is very large, and the factory 
executive could well be guided in his choice by the 
expert views of the motor manufacturer, the install- 
ing engineer or his Electricity Board’s engineer. 
The characteristics of the main types of motor are 
briefly summarised below. 


Squirrel-cage Motors 


These are the most straightforward and simple in 
design, and are therefore relatively cheap and robust 
in character. They should be considered for general 
duties and, in conjunction with variable-speed gears 
or couplings, for applications requiring variable 
speeds, e.g. for crane drives. Small sizes can be 
switched direct-on-line. 





The squirrel-cage motor is very suitable for 
individual drive of each motion of single-purpose 
machine tools where the motor horsepower can be 
precisely specified. It is suitable for driving pumps, 
fans, lifting hoists and woodworking machines. 
Textile machinery represents another field of use. 


Slip-ring Motors 


The chief advantage of the slip-ring motor is a very 
low starting current for a given torque, e.g. full-load 
torque at starting with a current about 10% above 
full-load current. This makes it suitable for applica- 
tions requiring a prolonged starting period with a 





load of high inertia. It also permits of speed variation 
below synchronous speed, though with some loss of 
efficiency. Typical applications include fans, pumps, 
heavy lathes, grinders and boring mills, as well as 
calendering machines, cable-laying-up machines and 
mine hoists. 
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Data Sheet No. 14 


Three-phase A.C. Commutator Motors 


The main characteristic of this type is variable- 
speed with uniform and gradual acceleration and 
good efficiency over the speed range. Paper 
manufacture provides excellent examples of its use, 
e.g. in paper-making, reeling, cutting, calendering, 
coating and drying. 








A.C. commutator motors are recommended for 
mechanised bakeries and for cranes and hoists where 
very slow speeds are frequently needed. 


Synchronous Motors 


These are constant-speed motors. One particular 
advantage is that they can be operated at unity or 
even at leading power factor to correct a system 
suffering from lagging power factor, and perhaps so 
qualify for a reduction in the electricity bill. Pump 
and compressor drives are typical uses to which they 
can be put. Theyare alsoused in motor-generator sets. 


Single-phase A.C. Motors 


In general, single-phase motors are used in light 
industries for drives not requiring more than about 
five horsepower or where a three-phase supply is not 
available. While their use is mainly limited to work 
of a light nature, they do fill a need in such duties as 
sewing-machine drives, portable hand tools, window 
opening and closing gear, etc. 


Direct Current Motors 


For a completely unfettered performance where wide 
ranges of speed variation, high rates of acceleration 
and powerful dynamic braking are all-important, the 
D.C. motor is unrivalled. This means in effect the 
installation of an A.C.-D.C. motor-generator set or 
rectifier to give the necessary supply, but the 
increased cost may well be compensated by the 
improvement in productivity. When variable voltage 
is applied to the armature, a wider speed range is 
obtainable than with any other type of motor. 
Typical applications of the D.C. motor are: cranes, 
haulage and tippler equipment, certain machine tools 
requiring a large speed range and smooth accelera- 
tion, high-speed printing and steelworks drives. 





g a 
| For further information, get in touch with | 
| your Electricity Board or write directtothe | 
| Electrical Development Association,2Savoy | 
| Hill, London, W.C.2. TEMple Bar 9434. | 
| They can offer you excellent reference | 
| books on electricity and productivity (8/6, | 
| or 9/- post free)—“‘Electric Motors and | 
| Controls” is an example. | 
| E.D.A. also have available on free loan | 
l within the United Kingdom a series of 

films on the industrial uses of electricity. 
| Ask for a catalogue. | 
| “J 
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Sparking time: 









1 hour 55 mins 


THIS MEDAL DIE took | hour 55 minutes to make on the new GKN Spark Machine, 
Model B2. How long would it have taken by other methods? 


When you’ve worked it out, consider the GKN Spark Machine. /t is faster, more 
accurate, more versatile, more compact and better designed than any other machine of 
its kind, yet both installation and running costs are low. 


The GKN Spark Machine was designed by the GKN Group Research Laboratory. 
Not only is it backed by all the Laboratory’s technical resources, but every user of 
the GKN Spark Machine can count on regular visits from the makers’ Technical Rep- 
resentative to ensure that he gets the most from his machine. 


Whether you are engaged in forging, wire-drawing or press-tool making, the GKN 
Spark Machine is something it will pay you to know about. Ask our sales agents for 
an illustrated brochure on the GK N Spark Machine (Models BI & B2). Ask them now. 


The (Gi ii) Spark Machine 


DESIGNED BY THE GKN GROUP RESEARCH LABORATORY 














WELSH METAL INDUSTRIES LTD., ‘easy 

Caerphilly, Glamorganshire. fC K4 NY 
Sd NY 

Sales Agents U.K. —_ 

M. C. Layton Limited, Abbey Wharf, 

Mount Pleasant, Alperton, Wembley, Middx. 

Rudkin & Riley Limited, 

Cyprus Road, Aylestone, Leicester. 
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Designers of production machines specify 


MAXAM 


for Quality and Precision 








Ports Tapped BSP 








Compression Spring 


Valve Member 


Control Lever Knob 





Return-spring Guide Housing 
Close-tolerance ‘0’ Rings 
Chromed and Polished Bore 


Y 


<= This sectioned lever-operated valve is typical of MAXAM detailed design for high- 
efficiency operation, and scrupulous attention to all features that guarantee complete 
reliability with minimum maintenance. 





* Valve Member— designed and machined to provide * Sleeve Drillings—specially machined and polished to 
maximum strength whilst offering minimum resistance to reduce packing wear to a minimum and provide maximum 
air flow. air flow. 

* Return-spring Guide Housing —assists spring to provide * Compression Spring — of adequate proportions to ensure 
true axial thrust when returning valve member, thus positive action. 


preventing side wear on packings. * Side Plates— reversible for alternative operating conditions. 


* Control Lever Knob—available in colour for identification * Link Pin—ensures positive direct action 
purposes. : 


, 7 —— 66°., of current production in machine shops is for companies whose 
* Ports Tapped B.S.P.—with tube form providing an airtight designers— with experience of MAXAM sana quality, performance 
seal for ¥” and 4” o/d copper tube on 4” B.S.P. and and reliability —have planned their future flow production machines 


4” B.S.P. valves respectively. with MAXAM Fluid Power Equipment in mind ! 
* Chromed and Polished Bore—for improved wear MAXAM POWER LIMITED 
characteristics and exceptionally low frictional resistance. Distributed by: ws 
— . Holman Bros. Limited, Camborne, England; Camborne 2275 is 
* Close-tolerance ‘O’ Rings—these are specially and at 44 Brook Street, London W.1; Hyde Park 9444 
manufactured to provide positive sealing within Seat deals - Comets Een Abies - Prone 0 
recommended pressure range. India - South Africa - Spain « U.S.A. « West Africa. 


P ereovr 
With Agents and Representatives throughout the world. 


For completely reliable operation 
with maximum economy—specify 





Fluid Power Equipment M9 


REGISTERED TRADE MARK 
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narantee 


ae Conformity with B.S.? 
H Trouble-free operation? 
> Fair wear & tear safeguards? 








THE ALLEN WEST GUARANTEE means all these things, and more + « + 


3 SERVICE 


When you purchase ALLEN WEST electric 
motor control equipment you know it is 
backed by an efficient country-wide 


—indeed world-wide—service organisation 


We stand by 


our products 





ALLEN WEST & CO LTD BRIGHTON ENGLAND Telephone: Brighton 66666 , Telegrams: Control, Brighton 
Engineers and Manufacturers of Electric Motor Control Gear and Switchgear 
SUBSIDIARY COMPANIES IN CANADA, SOUTH AFRICA AND RHODESIA AGENCIES THROUGHOUT THE WORLD 
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These narrow angle gears were designed and 
developed by ENV in co-operation with 
D. Napier & Son Ltd. for the V-drive units 
used with Deltic engines of 3,100 s.h.p. The 
gears are of case hardened alloy steel, and the 
teeth are profile ground to provide the 
accuracy essential at the high peripheral 


speeds attained. 


Specialists 


ENV are specialists in spiral bevel and hypoid gears for 
automotive, aviation, railway traction, marine propulsion 
and industrial applications. They pioneered the Gleason 
system in this country and have unequalled experience 
in this highly specialised branch of gear manufacture. 
Their works are equipped with the latest Gleason 
machines and associated plant for the manufacture of 


spiral bevel, hypoid and zerol gears from 1” to 72” 


diameter. 














ENV engineers will be 


& pleased to advise on problems 
associated with gears and 
for gears 


drives, especially where 





bevel gears are used. 












ENV ENGINEERING COMPANY LIMITED, Hythe Road, Willesden, London, N.W.10. 








Telephone : LADbroke 3622 
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CUT 
PRODUCTION 


with the (abour-saving 













Here’s a two-way plan that 
will cut to a fraction the 
time and expense of lapping 
parts in steel, monel, 
bronze, cast iron, quartz, plastics, etc. If your 
production volume warrants it, invest in a 
LAPMASTER-—an automatic precision mach- 
ine for the high-speed, low-cost lapping of all 
materials in any quantities. It will literally 
pay for itself many times over in a matter 
of months. For smalier quantities let the 
LAPMASTER JOB LAPPING SERVICE look 
after all your lapping requirements. 

Whichever method you adopt you’ll get 
greater precision, improved product perfor- 
mance and a substantial reduction of your 
production costs. 


PROOF POSITIVE! 


Why not send us a batch of parts with your own 
accuracy specifications? We will lap them to your 
requirements and return them to you quickly with 
accurate data on production time and a cost 
quotation which will certainly interest and 
probably surprise you. 





The popular 
Lapmaster 24’—for 
parts up to 9#" 


diameter. 3 Fe ee PoE ar re oe One ee 
! A set of technical 
booklets will gladly be 
sent on request. 
| 
LAPMASTERS (12’, 24’, 36’, a Pee ee 


48’, 72’ and 84") are accurateto 
within onelight band(*0000116’) 
and produce a surface finish 
from 1 to 5S micro-inches or to 


your own requirements. They PAYNE PRODUCTS INTERNATIONAL LIMITED 
will lap from a turned face, mil- 

led face oreven straight froma BUCKINGAM AVENUE TRADING ESTATE - SLOUGH BUCKS 
canting et a gresieion nature. Tel: SLOUGH 26741/4 Grams: PAYNPRO, SLOUGH. 
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Our 
ith 
‘ost 
nd “Easicut” high speed steel Drills and 
Taps offer the ideal combination of 
accuracy, high cutting speeds and 
ae reliable performance. 
| 
! 
| 
1 ENGLISH STEEL TOOL CORPORATION LTD 
North Street Works, Openshaw, Manchester 
- A wholly owned subsidiary of English Steel Corporation Led Sheffield 


Stocks also held at: 167 Dukes Rd., Acton, London, W.3; 62-64 Scotswood Rd., Newcastle; 
KS 2181 Coventry Road, Sheldon, Birmingham 26; Holme Lane Works, Sheffield 








The 
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CHURCHILL use VICKER$ Hydraulics 


The wide variety of duties which hydraulics can perform far better 
and at less cost than any other form of power, is well emphasised 
on a “Link-Line’” of Churchill Profiling Lathes and Hobbing 
Machines where Vickers Hydraulic Equipment is used throughout. 


mans 







The Churchill Redman P.5 
Profiling Lathe. This modern machine is 
powered by Vicxers Hydraulic Equipment 

incorporating solenoid operated valve units. 


A *‘Link-Line” of two Churchill Redman P.5 Profiling 
Lathes followed by five Churchill 8815 Mark IV 
Rigidhobbers. 

Photograph by courtesy of Charles Churchill & Co. Ltd. 





STEIN ATKINSON VICKERS HYDRAULICS LTD 








The Churchill $815 Rigidhobber Manufacturers in Britain of Vickers Hydraulics 

A complete Vicxers hydraulic system is used on ; ‘i s 

this machine to control movements at a definite 197 Knightsbridge, London, 8.W.7. Telephone: KNIghtsbridge 9641. 
speed and in a positive manner. Technical Sales and Service at Birmingham, London, Glasgow, Leeds and Manchester. 


SAS24/1 
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No. | SERIES 
UNIVERSAL 
GRINDERS 


No. 5 
PLAIN 
GRINDER 


No. 10 N 
CUTTER & TOOL 
GRINDER 


No. I 
FACE 
GRINDER 


No. 13 
UNIVERSAL & 
TOOL GRINDER 


No. 618 
SURFACE 
GRINDER 





























THIS 
FINE 
RANGE 


OF 
BROWN 
SHARPE 

VotiGoon 
GRINDERS 
MEETS 
TO-DAY’S 
TOUGHEST 
DEMANDS 


IN 
INDUSTRY 


WRITE FOR DESCRIPTIVE BROCHURES 


BUCK& HICKMAN LTD 


MACHINE TOOL DIVISION 
OTTERSPOOL WAY - WATFORD BY-PASS 
WATFORD - HERTS 
HEAD OFFICE 
P.O. BOX 74, WHITECHAPEL ROAD, LONDON E.? 
BRANCHES 
ALPERTON — BIRMINGHAM — BRISTOL 
GLASGOW — LEEDS — MANCHESTER 
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NEWALL BRANDED BOLTS 

Newall Hitensile ... Newalloy ... Newallastic ... Newall Hi-tem... 

are recognised by engineers as having unique qualities. We shall be happy j 

to supply any engineer designer who is interested with details of the 

various bolts and studs, which'cover the full range of modern requirements. ’ 





APNEWALLS COLD. ciisici:. 






















ineer 


The Production Engineer A73 


‘ENGLISH ELECTRIC’ standardised control schemes—the result 
of control engineering experience in many industries—can be 
readily applied to particular requirements. The use of these 
basic designs keeps time and cost to a minimum, even on 


special schemes. 


CONTROL 
ENGINEERING 





THE RANGE OF STANDARD VARIABLE SPEED D.C. DRIVES 
we Type ZD2 (A.C. Supplies/Static Controller/D.C. 


> Th | 7 a ala a ) r’ 
Motor), extends from } horse power to 100 horse power. These KN (; | | \ H ) LET | h ( 


drives have a wide speed range and close regulation with 


inherent field failure protection and current limit protection. control gear 








For further details send for leaflet ES/203 


THE ENGLISH ELECTRIC Company LimiTeD, ENGLISH ELECTRIC House, STRAND, LONDON, W.C.2 


Control Gear Division, Kidsgrove, Stoke-on-Trent, Staffs. Telephone: Kidsgrove 2141/3 
STAFFORD ¢ PRESTON ° RUGBY ° BRADFORD e LIVERPOOL e ACCRINGTON 








CG.2 WORKS: 
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FOR LONGER LIFE! 











MANUFACTURED BY 


IMPREGNATED DIAMOND PRODUCTS LTD - TUFFLEY CRESCENT - GLOUCESTER 


DISTRIBUTED BY 


UNIVERSAL GRINDING WHEEL COMPANY LIMITED - STAFFORD - TELEPHONE: STAFFORD 38! 
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What do you look for when 

you are choosing a stationary 
compressor? Low running costs ? 
High efficiency? Minimum 
maintenance? Compact 


dimensions? Reliability ? 


... the NEW “V" TYPE 
RANGE has them all! 








Broom & Wade Ltd., P.O. Box No. 7, High Wycombe, Bucks, 





SS ee * . : : : 
Type V500 delivering 525 c.f.m. of free air at 
100 p.s.i. 


Embodying the characteristics that 
have made ‘‘ BROOMWADE ”’ equip- 
ment world-famous, and incorporat- 
ing many new features, the ‘“V”’ 
Type Range represents the most 
advanced, reliable and economical 
compressors we have ever produced. 
Four models are available with out- 


puts from 365 to 1000 c.f.m. 


Write for Publication No. 351 C.E. 


Air Compressors and 
Pneumatic Tools 


YOUR BEST INVESTMENT 





Telephone: High Wycombe 1630 (10 lines) Teler: 83-127 
782 SAS 
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CUNLIFFE & CROOM Verticals 


In the apprentice training school 
at Bristol Aero Engines Ltd. 


s~ SLIDING AND SWIVELLING HEAD 
s— POWER FEEDS IN ALL DIRECTIONS 


s& SPEED AND FEED RANGE 
COVERING ALL MATERIALS 








JAMES ARCHDALE & CO. LTD. 
Regd. Office: Blackpole Works, Worcester Telephone: Worcester 27081 (7 lines) 
A member of the Staveley Coal & Iron Co. Ltd. Group. 


Sole Selling Agents : 
Alfred Herbert Ltd., Coventry. Telephone: Coventry 89221 
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Whether for apprentice 
training, as shown, or for 
toolroom or production work, 
CUNLIFFE & CROOM verticals 
have the speed and power, 





plus precision, to satisfy the 
most exacting demands. Note Y 
the massive design, the , 
well-supported table and 
powerful knee... . 

the sliding and swivelling 
head .... features that make 
the CUNLIFFE & CROOM a 
really versatile machine, 
capable of tackling the most 
difficult jobs with ease, no 





matter what the material. 
Get the details today... . YY 
and ask, too, for information 


on our horizontal machine. 
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: Metal Cleaning for 
Mass Production. .. 








With Dawson Plant 


For all metal cleaning and degreasing, from smail and simple things like 
nuts and bolts to large and intricate subjects like diesel cylinder blocks, 
there is a Dawson machine to do the job. And do it thoroughly at a speed to 
suit the production line, and at a cost to make every shareholder clasp his 
hands with contentment. 





Whether your factory covers half an acre or 100 acres there is a Dawson 
machine to suit your needs. 


Comprehensive catalogue will be sent on request. 





METAL Sole Distributors 
PRE-TREATMENT DRUMMOND= ASQUITH LTD. 
King Edward House, New St..Birmingham 
= PLANT Tel. Midland 343! 








Manufacturers : 
DAWSON BROS. LTD., Gomersal, Near Leeds. Tel.: Cleckheaton 3422 (7 lines) 
LONDON WORKS, 406 Roding Lane South, Woodford Green, Essex. Tel.: Crescent 7777 (4 lines) 
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One of many different types of machines 


*| 
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BROCKHOUSE 


MACHINE TOOL 
REBUILDING SERVICE 


SSSESIESSESSEEEESEEESEEISS ESSE SSSI SSLS SESS SEE as sesase aesses ee aesse essere: Why not consult us about that one-time useful machine tool 





i =; which is now standing idle? We have a comprehensive machine tool 
2 (B RO C K HO U S E) ie rebuilding service available for LATHES, AUTOMATICS, 

- =! MILLERS, SHAPERS, PRESSES and DIE CASTING MACHINES. 
Machines are completely stripped, parts replaced and when 

rebuilt carry our six months’ guarantee. 


SEND FOR DESCRIPTIVE LEAFLET. 





J. BROCKHOUSE & CO. LTD. 
Machine Tool Division 
ELMS WORKS - WOLVERHAMPTON 















Accepted by The 
Council of Industrial 


Design 


INDUSTRIAL LOCAL LIGHTING 
his conten ttiedin on the JOB 


YOU WiLL UITIMATELY IwsTALL 6il/a» Sb BECAUSE : 


@ THE SPECIAL HINGE JOINTS never need adjustment, never 
work loose or sag, and give complete 360 degree movement. 

@ THE FLEX is totally enclosed and cannot pull, kink or twist. 

@ THE BASE is universal for horizontal or vertical mounting; is 
provided with four conduit entries and contains switch. 
An alternative base is available for mounting directly on 
top of a transformer casing. 


@ THE REFLECTOR gives maximum illumination and rotating 
movement provides light in any direction. 

@ The whole fitting is smartly finished in black and aluminium 
and is a modern example of sturdy yet lightweight design. 


Got-the , iC bghtt for the, Job with KZ Further Details on Application 
>, E.D.L. INDUSTRIES LTD - revsrook LANE - BRERETON - RUGELEY - STAFFS 


TELEPHONE: RUGELEY 711-3 
LONDON OFFICE: 18 PRINCETON ST. (off Red Lion Square), W.C.1. Tel: CHAncery 5355 






Produced from long experience, the 
E.D.L. “Silver Star” Fitting is 
designed and constructed on the latest 
principles combining the highest 
standards of industrial local lighting 
with supremely practical and efficient 
service. 
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The Production Engineer 


After a survey of your plant, we produce a 
tailor-made plan. This and the estimate arefree. 





Unobstructed movement OVERHEAD 


with underslung interlocking cranes 





IF YOU 


Send for the man with the MONORAIL plan 





Underslung interlocking bridge cranes in the MonoRail System give 
extreme flexibility of movement overhead. One lifting hook can cover an 
entire factory floor, and loads of up to § tons can be moved and set down 
to order. The special ‘latch bolt’ design of the cranes ensures the safe, 
efficient and simple transit of trolley wheels across connecting interlocks. 
Further, bridges can be interlocked at every point with spur tracks of 
MonoRail for transferring loads beyond the factory area into store, or to 
and from despatch bays. 


More advantages of MonoRail. All materials and track especially developed for the job. 
Rubber-tyred crane drive eliminates track wear. Standard track flange width, 


A complete overhead system. Interlocking bridge cranes are only part of the complete 
MonoRail handling and transfer system which can be tailored for almost every overhead 
handling need and any size of floor space. 


WANT TO GET A MOVE ON 


BRITISH MONORAIL LIMITED - WAKEFIELD ROAD - BRIGHOUSE - YORKS - TELEPHONE: BRIGHOUSE 2244 


Members of the Herbert Morris Group of Companies TGA 8M? 
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ZEISS ~~ 


A brand new Zeiss instrument for the precise measure- 
ment of extremely small bores from 0.0018 in. to 0.078 in. 
in diameter. 


The measuring principle of the instrument is such that 
the bore to be measured is contacted by a glass bead of 
known diameter at two opposite points and the travel 
of the glass bead is measured by means of an 
installed glass scale and an eye-piece screw mirco- 
meter. The diameter of the bore is then found by adding 
the diameter of the glass bead to the ascertained travel 
of the glass bead. The setting up of the test specimen 
can be achieved very rapidly, and the position of the 
stage plate combined with the excellent workiny distance 
enables the test piece to be manipulated easily. 

The internal scale in the eye-piece screw micrometer is 
up to the accepted Zeiss optical standards. 


Please write for details to: 
C. Z. Scientific Instruments Limited 


12a Golden Square, London, W.1. 
Tel.: Gerrard: 4488 
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MEASURING MICROSCOPE 








A compressor to suit your needs 
from the wide range made 
























Ask us about the compressor you require. We hold an extremely wide 
range of types and sizes — reciprocating, rotary and turbo 
high pressure or vacuum —for air and other gases. 








low, medium, 


Our machines are known throughout the world for their quality, efliciency 


and durability . . 
60 years. 


. and our manufacturing experience extends over 


Do not hesitate to ask our advice on your problem. We are always 
pleased to design and manufacture special machines to your instructions. 


Tela 





REAVELL & CO. LTD. 
RANELAGH WORKS, IPSWICH, SUFFOLK. 


TELEPHONE : IPSWICH 561/24 














A Two Stage 
Single-Acting 
Vertical Compressor 
for either 200 

or 310 cu. ft. of 

free air per minute 
at pressures up to 
100 Ib. per sq. inch. 





MAKERS OF COMPRESSORS AND EXHAUSTERS FOR ALL INDUSTRIES 
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ZBROJOVKA MILLERS 


for precision milling operations 


ineer 





Complete rigidity at high speed is a feature of the Zbrojovka Millers. The 
EARLY DELIVERY Machine illustrated is the FA5H Horizontal Miller in operation at the 

OF ALL MODELS Farlington works of Messrs. Cj.Cc Developments (Portsmouth) Ltd., who 
have courteously permitted us to publish this photograph. Write or telephone 
for full details. 





BRIEF SPECIFICATIONS OF HORIZONTAL, UNIVERSAL AND VERTICAL MILLERS 





r—a | 





Sizes No. 2 No. 3 No. 4 Mo. 5 
Sole Agents: ; 
Working surface of table (approx.) 40” x 8” 50” x 10” 64” x 12” 80” x 16” 
Power Longitudinal travel (approx.) 25” 32” 40” 50” 


Power cross travel (approx.) 8” 9” 12” 16” 


S ? [ 5 O Spindle speeds 62-2800 45-2000 32-1400 18-1400 
US OIL, ALWAYS SELSON’S FOR MACHINE TOOLS 





| 















= The Selson M¥achine” | Gant a 
SUNBEAM ROAD, LONDON, N.W.10. STANNINGLEY, Near LEEDS 
wr Telephone Elgar 4000 Telephone Pudsey 2241 


And at Kingsbury (Nr. Tamworth) 
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magnified 
output... 


use mechanical 
tubing... 


Much time, labour and material 
is saved when mechanical steel 
tubing is used when makin, 
ring shaped parts such as 
collars, spindles, sleeves and 
rollers. 
We carry large stocks of mild and stainless 
steel tube in many sizes up to large 
diameters and wall thicknesses. Send for 
booklet that gives sizes and specifications. 


IMMEDIATE DELIVERY IN MOST CASES 


Markland Scowcrost 


LIMITED 


BROMLEY CROSS, Near BOLTON 
MII9 Phone EAGLEY 600 








3 magnificent eyes for detail 


An increasing number of machine parts have to be precision engineered to 
close tolerances. One sure way of inspection in these times of high speed 
production is the ‘eye’ of a Heston optical comparator. 


The Heliscope: 

Thread—forms, gears, tool forms and small parts can be checked rapidly on the workbench 
by this direct projection comparator. 

Magnification xX 10, X 25, X 50 

Field Projection, 7.5 ins. diameter. 


The Vertex : 

A reflex version of the Heliscope, but with added projection power and 
an etched glass screen or high accuracy protractor screen. 
Magnification x 10, x 25, X 50 

Screen Size 12 ins. x II ins. 

Field Projection, 10 ins. diamtcr. 


The Revelation: 

A combined epidiascope and profile projector that is 
used for high definition — and surface — 
with the added facility for inspection of hole profiles 
to a depth of three inches. 

Magnification x 10, X 25, X 50, X 100 
Screen Size 13 ins. x 12 ins. 

Field Projection 10 ins. diameter. 























HESTON AIRCRAFT AND ASSOCIATED ENGINEERS LIMITED. HESTON AIRPORT, HOUNSLOW, MIDDLESEX. TELEPHONE: HAYES 3844 
MEMBER OF THE HESTON GROUP 
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GIL - SEALED 
ROTARY COMPRESSORS 


FROM. 1/3-250 H.P. 


IN USE Throughout the World / 


The Hydrovane principle was developed and 


XW 


BULLOWS 








introduced by Bullows in 1948 and 
has since been adopted by all the major 
manufacturers throughout the World! 





10 Licencees manufacturing 
Hydrovane Compressors 


throughout the World! 


For further details of the Hydrovane principle 





send for our ‘* Questions & Answers" Folder 


AIR COMPRESSORS - SPRAY PAINTING EQUIPMENT - SPRAY BOOTHS 


ALFRED BULLOWS & SONS LTD 


HEAD OFFICE & WORKS LONG ST WALSALL STAFFS ENGLAND TEL: 27251 








DEPOTS AT—I3 SOUTH MOLTON STREET, LONDON, W.! TELEPHONE: MAYFAIR 2313 
55a BRIDGE STREET, MANCHESTER, 3 TELEPHONE: BLACKFRIARS 5670 
70 GILMOUR STREET, GLASGOW, C.5 TELEPHONE: SOUTH 2383 
61/63 DRURY STREET, DUBLIN TELEPHONE: DUBLIN 73168/9 









BULLOWS (AUST.) PTY. LTD., ETHEL AVENUE, BROOKVALE, SYDNEY, AUSTRALIA 
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130 SHAFTS FACE 


Facing § off each end and drilling 


%' centres in 2}" diameter Electric Motor 


Shafts in a floor to floor time of 27 
seconds, is typical of the high production 
which can be achieved on the — 


HEY No. 3 DOUBLE ENDED 
CENTRING & FACING MACHINE 


@ Perfect alignment of centres 
@ True faces and accurate lengths 
@ Turned finish on faces 


@ Eliminates subsequent facing down 
to centres or recentring 
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Faces 3° diameter. Standard 


















We also manufacture Rotary Cam 
and Profile Milling Machines, Short 
Thread Milling Machines, Multiple 
Drilling Heads and Machines, Tapping 
Machines, Gear Tooth Rounding 
Machines, Special Machine Tools for 
High Production. 


ENGINEERING CO. LTD. 
COVENTRY PHONE: COVENTRY 8864! 






















mum bar 
Vices have maxim | 
capacity of 65 peng 
Minimum length handle . 
Standard bed lengths 
take work up %° 
or 72’ long. 







, 










More and more Engineering firms 
are using Articulated Arm Routers 


Some users of Wadkin @‘ 
Heavy Duty Articulated 
Arm Routers, Type LC 


Wadkin Heavy Duty 
Articulated Arm Router, LC 
face-milling gearbox end 
covers. Photo by courtesy of 
Ruston & Hornsby Ltd., 
Grantham 


— the fastest method of milling light alloys! 


Wadkin Articulated Arm Routers are not only doing jobs that would normally 
be done on far more costly machines but are doing them both faster and better. 
With cutting speeds up to 18,000 r.p.m., low tooth loading of the cutter, and 
only light clamping of the component, face-milling operations are machined up 
to 10 times faster than by any other method. Three models are available: heavy 
duty type L.C. with either 6’ 0” or 8’ 0” reach, and the recently introduced 
medium capacity machine, type L.C.6. Full details are given in Leaflet No. 945. 


Wadkin Ltd., 
Green Lane Works, Leicester 
Tel: Leicester 68151 


London Office: 
62-64 Brook Street, W.1 
Tel: MAYfair 7048 








Adams-Hydraulics Ltd. , York. 
Associated Automation Ltd. , London N. W. 10. 
Associated Lead Manufacturers Ltd. , Chester. 
Brierley Engineering Co. Ltd. , Letchworth. 
British Lead Mills Ltd. , Welwyn Garden City. 
Brotherhood, Peter, Ltd. , Peterborough. 
Brytallium Castings (Bolton) Ltd. , Bolton. 
Bull's Metal & Marine Ltd. , Glasgow. 
C.1.C,. Engineering Ltd. , Bath. 
Carron Company, Falkirk. 
Crabtree, R.W. & Sons Ltd. , Leeds. 
Cravens Ltd. , Sheffield. 
Crittall Manufacturing Co. Ltd. , Braintree. 
Deans & Son (Yorkshire) Ltd. , Beverley. 
Dialoy Ltd. , Cardiff. 
Gloucester Railway Carriage & Wagon Co. Ltd., 
Gloucester. 
Hawker Siddeley Brush Turbines Ltd. , 
Hucclecote, Glos. 
Hawthorn Baker Ltd. , Dunstable. 
Hercules Engineering Co. Ltd. , Isleworth, 
Middx. 
I.B.M. United Kingdom Ltd. , Greenock. 
International Computors and Tabulators Ltd. , 
Castlereagh, Nr. Belfast. 
Jones, Tate & Co. Ltd., Bradford. 
King, Geo. W., Ltd. , Stevenage. 
Kodak Ltd. , Stevenage. 
Laurence, Scott & Electromotors Ltd. , Norwich 
Leyland Motors Ltd. , Leyland, Lancs. 
Meadows, Henry, Ltd. , Wolverhampton. 
Newman Industries Ltd. , Yate, Bristol. 
Price & Edwards (Engineering) Ltd. , Colnbrook. 
R. F. Developments Ltd. , St. Neots. 
Rabone, John & Co. Ltd. , Birmingham. 
Richardsons Westgarth (Hartlepool) Ltd. , 
Hartlepool. 
Rolls-Royce Ltd. , Motor Car Division, Crewe. 
Rose Brothers (Gainsborough) Ltd. , 
Gainsborough. 
Royal Ordnance Factory, Woolwich, London. 
Ruston & Hornsby Ltd. , Grantham. 
Sperry Gyroscope Co. Ltd. , Brentford, Middx, 
Standard Motor Co. Ltd. , Coventry. 
Sterling Foundry Specialties Ltd. , Bedford. 
Strebor Diecasting Co. Ltd. , Radcliffe, Lancs. 
Taylor Patterns Ltd. , Rochdale. 
Turner Manufacturing Co. Ltd. , Wolverhampton. 
Victoria Machine Tool Co. Ltd. , 
Willesden, London N. W. 10. 
West Yorkshire Foundries Ltd. , Leeds. 
Woodside Diesinking Co. Ltd. , Leeds. 
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Albion Motors Ltd., Glasgow, have 
proved on production that GALTONA 
serrated blade cutters have all the 
attributes of successful gang milling... . 
uniformity of performance, high cutting 
power and long life. 

Our illustrations show the milling of 
journal faces on 6-cylinder engine cylinder 
blocks. The twelve 6 in. diameter 
cutters finish the job at one pass. 

Ask for details of GALTONA serrated 
blade cutters suitable for your own work 


serrated 


blade 
cutters 





( Richa id Lh oyd Limited =z 


=== (5A/TON HOUSE, ELMFIELD AVENUE, TYBUBN, BIRMINGHAM, 24 
Telephone: Ashfield 1801, Telegrams “Cogs, Birmingham” 


mm LONDON AREA A. J. Percy, 240 Romford Rd., Forest Gate, Tel. MARyland 7304/5 


e WwW 


SCOTLAND: Start & Houston, 5 York St., Glasgow, C.2. 





Goulder 


— instruments 
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can test all gears 


xk No. 2V Lead Tester: 
No. 2H Lead Tester: Any helix angle. Standard 10 ins, diameter up to 45° 


14 ins. diam. or 8 ins. diam. x 26 ins. long. Long helix, 


Bed 10 ins. diam. or 8 ins. diam. x 54 ins. long. 




















%& Can be arranged to test pitch. 


* phone or write for further information 


or with your own particular problem. 


J. Goulder & Sons Ltd., Kirkheaton, Huddersfield. Telephone : 





No. 3V Lead 
Tester: 24 ins. dia- 
meter up to 45° 
helix. 





Huddersfield 5262-3 


The Lead Testers 
illustrated 

are only part 

of a wide range. 
Goulders can supply 
Gear Testing 
Instruments for 

any type of gear 
which can be 


instrument-mounted. 


jG!2 








for RELIABLE S.G. 
) IRON CASTINGS 





Pioneers in the development of this versatile 
new material, S.G. Iron, S. Russell & Sons Ltd. 
produce in addition to BS 2789 types 1, 2A 
and 2B, many other special types, including 
Austenitic. S.G. Iron gives a high yield strength 
combined with good machinability, the strength 
of steel and the rigidity of cast iron. It can be 
used as alternatives to many other and more 
expensive metals for a variety of applications, 
details of which wili be gladly given. 

S.R.S. also supply all varieties of High Duty 
and Alloy Irons and Grey Iron for machine tool 
and general machining purposes, in a wide 
range of sizes and quantities. 


We shall be pleased to receive your enquiries. 


S. RUSSELL & SONS LTD 


FOUNDRY DIVISION 
Head Office: Bath Lane, Leicester. Phone: 23211 (6 lines) 

















jG12 
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THE 
POWER 
TO FUEL 
WHOLE 

FACTORIES 
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Calor 
ropane 


COMPLETE ONE-FUEL PLAN FOR INDUSTRY Calor Propane has made radical 
re-planning of factory power supplies possible. Until now the boiler-house coke pile, 
petrol storage tanks for fork-lift trucks, gas mains for the canteen, electricity for stoving 
ovens have been accepted as unavoidable . . . Calor Propane — the modern liquefied 
Petroleum gas fuel — does all these jobs, better. It does them anywhere in Britain. And 
it never lets you down. 


THE MODERN INDUSTRIAL GAS Giant tankers deliver Calor Propane throughout 
the country. Its consistent high quality is always within the Liquid Gas Industry speci- 
fication. Every Calor Propane installation provides a three-week supply of gas; never-failing 
deliveries and a unique 24-hour maintenance service staffed by expert engineers eliminate 
breakdowns. Contact the Calor Industrial Advisory Service for full details. 





oe LS 


KEY TO THE ONE-FUEL PLAN: : Calor-Propanc bulk storage tanks. 2 For the smaller factory, small free- 

standing tanks. 3 Metal Fabrication Shop. 4 Heat Treatment Shop. 5 Foundry. 6 Tool Room and Machine Shop. 

7 Paint Shop and Finishing Shop. 8 Metal Spraying Shop. 9 Assembly Shop. 10 Stores, Despatch and Transport 
Sections. 11 Administrative Offices. 12 Laboratories. 13 Canteen and Welfare Block. 


CALOR GAS -— Britain's biggest suppliers of industrial Propane and domestic Butane gas 


CALOR GAS (DISTRIBUTING) CO. LTD., 178-202 Gt. Portland St., London, W.1. CALOR-MIDGLEY LTD., Spartan Works, Carlisle St., Sheffield, 4 
SCOTLAND, N. IRELAND & EIRE : CALOR GAS (SCOTLAND) CO. LTD., 11-15 WESTWOOD ROAD, POLLOKSHAWS, GLASGOW, $3. 
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Staggering Economies! | e 





















We don't believe there is any machine on the 
market to equal our automatic stagger-feed press 
for the production of light stampings. It will turn 
out 50,000 lids per day, often more. One girl can 
manage 3 or 4 machines. Staggering offers im- 
mense economies in material. The machine can 
stamp decorated sheets as easily as plain, with 
accurate register ensured. Further, no preparatory 
shearing is required. 

There are over 2,000 in use throughout the world. 
Like all Rhodes presses, this is a machine that 
uses ‘know-how’ rather than sales-promoting gad- 
getry—136 years of it. No wonder it stands alone. 






RHODES 


AUTOMATIC STAGGER-FEED PRESS 


BUILT TO 
THE RHODES 
, STANDARD 

OF WAKEFIELD 








JOSEPH RHODES AND SONS LIMITED 
NRP 2926 BELLE VUE WAKEFIELD - TELEPHONE 2756 (3 lines) 


PELLIOTT, capaci 
MILLING MACHINES 


48” X< 11}” table 

32” longitudinal traverse 

Power feeds and rapid traverse in all directions 

12 spindle speeds 30 - 1,050 r.p.m. or 43 - 1,500 r.p.m. 
18 table feeds 0.65 - 15 in./min. or 0.93 - 21.5 in./min, 
5 h.p. motor 

Baskiash eliminator standard equipment 











£1750 including 3 phase electrics 


48” X< 11}” table 

32” longitudinal traverse 

Power feeds and rapid traverse in all directions 
12 spindle speeds 30- 1,050 r.p.m. or 43 - 1,500 r.p.m. 
18 table feeds 0.65- 15 in./min. or 0.93 - 21.5 in./min, 
5 h.p. motor 

Backlash eliminator standard equipment 


£15735 including 3 phase electrics 


Manufactured by: 


B. ELLIOTT (MACHINERY) LTD. 
(MEMBER OF THE B. ELLIOTT GROUP) 

VICTORIA WORKS, WILLESDEN, LONDON, N.W.10 

Telephone: ELGar 4050 (10 lines) Telegrams: Elliottona, Harles, Lenden 

Overseas Subsidiaries: CANADA, U.S.A., AUSTRALIA, S. AFRICA 


ELLIOTT © 




















eer 
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VITAL STATISTICS of AIR POWER 


You’d be surprised at the different kinds of people 
who come to us for compressors—all with different 
problems on their minds. We’d like you to meet some 
of them. You may have a similar problem. 


1. The man who's ‘electrified’ four times a year... 
when he gets the power company’s bill. Any compressor 
he buys must be easy on electricity. Atlas Copco can 
supply him with AR series, low-speed compressors de- 
signed for maximum operating economy. 


2. The man who works in the desert... 

at least it seems like the desert, judging by the cost of 
water. Atlas Copco make several types of compressors to 
suit him—such as completely air-cooled types with air- 
blast intercoolers to maintain delivery temperatures com- 
parable to those of water-cooled units. 


3. The man whose floor space costs the earth. 

His factory site is expensive and he’s made the most of 
it. Short of enlarging the compressor house, he has only 
a few square feet in which to install new machines. Atlas 
Copco has the answer: a range of compact, well-balanced 
compressors such as the ER series. 


If you have one of these problems—or a combination of 
all three—Atlas Copco can help you. Atlas Copco makes 
stationary compressors for every purpose in a series of 
reciprocating machines from 255 to 3,200 c.f.m. and 
Twin-Air rotaries up to 20,000 c.f.m. 





Sales and service in ninety countries 

With companies or agents in ninety countries, Atlas Copco 
is the largest organisation in the world specialising solely 
in compressed air equipment. Products include stationary 
and portable compressors, rock drills, loaders, hoists, air 
tools and paint-spraying equipment. Wherever you are the 
international Atlas Copco group offers expert advice on 
the selection of equipment and provides a complete after- 
sales service. 


WRITE FOR THE LITERATURE Leaflets describing Atlas 
Copco stationary compressors are readily available on request. 
Write, giving some indication of the types of machines you are 
interested in, to your local Atlas Copco company or agent or 
to the address below. 











NT9 ARS TWIN AIR 


ATLAS COPCO (GREAT BRITAIN) LIMITED Maylands Avenue, Hemel Hempstead, Herts. Telephone: Boxmoor 6040 


Sales and service depots at; LONDON: BRISTOL+ CARDIFF+- WALSALL: LEEDS - MANCHESTER - NEWCASTLE - GLASGOW - DUBLIN: BELFAST 


$.138R 
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+¢ Talking Tools 


JIGS & FIXTURES 
DIE CASTING TOOLS 
PRESS TOOLS 
SPECIAL TOOLS 


Talk tools with us. 
We design, we plan 
and we make tools 
— the right tools 


PLASTIC MOULDS 


for your job. 





UNIVERSAL TOOLS LIMITED, 
TRAMWAY PATH, MITCHAM, SURREY. Telephone: MiTcham 6111 seas 


tick 


Before tick gets to tock, a hundred 
things can happen, especially 

in Industry and Sport. Heuer 
know this: therefore they make 
timers and chronographs that 
measure and reccrd from one- 
hundredth of a second to one-fifth 
of a second, as well as hours, 
minutes and full seconds 


tock — 
H EL] ER TIMERS 


Representatives in the United Kingdom: 
BAUME & CO. LTD. 

















50 Hatton Garden, London E.C.1. Tel: Chancery 4331. 
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for perfection in diamond wheels 


MANUFACTURED BY IMPREGNATED DIAMOND PRODUCTS LTD - GLOUCESTER 


DISTRIBUTED BY UNIVERSAL GRINDING WHEEL COMPANY LIMITED - STAFFORD 
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INSPECTORS- 


HAVE YOU A PROBLEM? 
CONTACT US FOR:— 










High 
precision 
reference 
Squares 





‘B’ Block 


Surface roughness 
Scales 





Surface Tables and built-in Cabinets 


Srp” 


Camel-Back straight edges 


RUBERT & CO. LTD. 


ACRU WORKS, DEMMINGS ROAD, 
COUNCILLOR LANE, CHEADLE, CHESHIRE 
Telephone: GATiey 5855 





The Production Engineer 


THE NEW 


BARBER & GOLMAN 


remy VRES 





* PRECISION SET-UP ADJUSTMENTS BARBER 


* WET OR DRY GRINDING COLMAN 


* ACCURATE INDEXING TRADE MARK 
* PRECISION BUILT-IN WHEEL DRESSER 


* ADJUSTABLE HYDRAULIC TABLE SPEED 
AND STROKE 


* AUTOMATIC FEED AND INDEX COUNTING 
* UNIT CONSTRUCTION 


The new Barber-Colman No. 6-5 Hydraulic Sharpening 
Machine is a precision machine which controls index 
spacing, rake angle, lead of gash, and surface finish of the 
cutting tool to a degree which has never before been 
reached by any commercial sharpening equipment. 
Illustrated literature available on request. 


BARBER & COLMAN LIMITED 


r 











= 
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the 

finest 

lifting 

tackle 

in the ee 

world | —_—ae eee 


CONVEYORS “SKI-WRACKER” 


HOISTS STACKING & 
einen | STORING UNITS 


= 
{ S OVERHEAD 





of Stevenage 
Materials Handling Specialists 


REGISTERED TRADE MARK 


Write for further details and illustrated literature to: 
GEO.W. KING LTD * ARGYLE WORKS (//JP.E) * STEVENAGE *° HERTS. Telephone: Stevenage 440 
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The reduction of noise is a 


sound investment because it 

N oO ISE increases the efficiency of your 
workers. And the reduction of 

is ABSOR BED vibration increases the effi- 
ciency and life of your 


TH ROUGH THE machinery. The Croid-Cooper 


method of machine fixing is 


CROID COOPER today’s method, where machines 
impl tuck down on a 
METHOD OF are simply stuc ' 


felt base with a holding power 


MACHINE FIXING © °O'> ‘the square inch. 


May we send you details? 


CROID 65 
MACHINE FIXING GLUE 


COOPER : EY (B’HAM) LTD. 
Head Office & Works: Brynmawr, Breconshire Tel. 312 


Branch Office & Works: Seeley’s Road, Birmingham, 11 
Tel. VIC 5417 








The Production Engineer 


4 


are 


Looking in the 
right direction 





oy a 
~~ SEPRinNnGe S 
F. S. RATCLIFFE (ROCHDALE) LTD., 


Crawford Spring Works, Norman Road, Rochdale 





Phone: Rochdale 40415 *Grams: Recoil, Rochdale Telex 63178 























DEE 653 


is a refractory lubricant 
designed to function dry even if 
subjected to temperatures up to 1000°F 
or under highly oxidising conditions. 

No residual coke or ash developed. 
Here’s a product from Dee Oil Company that 
solves one of the more difficult lubrication 
problems found in industry. Its efficiency has 
been proved on many different applications and 


it can solve your high temperature lubrication 
just as effectively. 


Send your enquiries to:— 


DEE OIL COMPANY LIMITED 
Delta Works, Irlam Road, Bootle, Liverpool 20 
Telephone : Bootle 1897 
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IDP SPARCATRON MARK V... 


ineer 





for 
spark machining 
large workpieces 


from the solid 





« 63178 


This machine has been introduced for handling 
| workpieces larger than can be conveniently 
accommodated in the earlier models and has 
been produced with the forging industry in mind 


for the production of dies. 








THE MARK V 
WITH OUR NEW 
RIG. EQUIPMENT 

FOR RAPID 
STOCK REMOVAL 
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In QUENCHING 


Let our experience be your guide 





The engineer must have the right quenching media 
for that particular steel or non-ferrous alloy. He 
can obtain expert advice on the most suitable 
product for the job by contacting our Technical 
Sales Representative, or by writing or "phoning 
us direct. 


We have a wealth of experience in solving these 
problems, and offer a selection of Quenching Oils 
and Salts to meet every day-to-day requirements 
over a wide temperature range. Evco Quenching 
products are most economical in use, because they 
give consistently satisfactory results. 


A new publication on Quenching media is now 
available. Requests for copies on your business 
heading, please. 


It’s the ‘know-how’ on quenching that means 
success — uniformity — stability — speed. 


€ Co. Ltd. 





Bristol and Glasgow 


the world 


@ 
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Let us 
be your 
machine 
shop! 


Complete facilities plus 
precision & service second to none 


..- as well as 


@ Capstan and centre lathe work mene Gotng. 


@ Milling—all types en _ 
@ Surface and universal grinding ipl 
@ G-SIP jig boring - anime 
@ Centreless grinding Pen yeoo-al 
@ Copy turning 

PY Approved 








MARSDEN & SHIERS LTD. 
Davis Road, Chessington, Surrey. Phone: Elmbridge 5333 (3 lines) 








Edgar 
Vaughan 
LEGGE STREET, BIRMINGHAM, 4 


Works and depots at: Birmingham, Manchester, Liverpool, London (Southall), 


In association with the Houghton group of companies all over 








RATES AND FULL CIRCULATION DETAILS ON REQUEST 
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CHYDRAULIC ) 
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BLANKING UP TO 1,000 s.p.m. + all advantages of hydraulic operation 


Thea Ton 


SUPERSPEED /Tode/ 


THE NORTON TOOL CO. LTD. 


























+ the following additional features 


STEPLESSLY VARIABLE STROKE 0.010 in. - 6 in. 
RAM DEAD STOPS —SETTING ACCURACY .0005 in. 
SELECTION OF 36 RAM SPEEDS 


SETTING BY ONE CONTROL OF SINGLE CYCLING, 
AUTOMATIC CYCLING, VIBRATORY STROKES, 
MANUAL or SUSTAINED PRESSURE. 





al The NORTON Press is designed to 
a provide OPTIMUM conditions for each 
class of presswork. Versatility is 
achieved without compromise. 
tO 
@ Single Unit for Coil 
Push or Pull Feed 
Any length of progression 
TT Speeds up to 1,000 
a progressions per minute 


NORTON ROLL FEED 


® Double Unit for Strip 
with Continuous Feed 


Press strokes continuously 
Each strip accurately 
positioned for first blank 








FRANK LEWIS & GO. (LONDON) LTD. 


Head Office: 65ST. PAUL’S CHURCHYARD, LONDON, E.C.4 
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STEELS 








RANGE OF QUALITIES 


Steels in the carbon range 0.080/0.85% 

Case-hardening steels. 

Free-cutting steels. 

Low alloy steels. 

For machining, bright drawing, forging, 
drop stamping and general engineering. 


RANGE OF PRODUCTS 


Billets from 3” sq. upwards. 

Rounds from 3” to 93”. 

Hexagons from 3” to 33”. 

Squares from 3” to 4}”. 

Flats in certain sizes. 

Colliery roof supports and accessories. 
Special T.H. yielding arches. 


COILED BARS 


Rounds 3” to 2%” in 500 lb. coils. 
Rounds 3” to 134” in 900 Ib. coils. 
Hexagons }” to ~”" in §00 lb. coils. 
Hexagons 3” to 1” in 900 Ib. coils. 
Coils may be split if required. 


COLD FORGING QUALITY WIRES 


0.240” to 0.550” in 500 Ib. coils. 
0.§50” to 1.000” in 990 Ib. coils. 
Coils may be split if required. 
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STANDARD AND 
HIGH TENSILE 

FREE CUTTING 
STEELS 
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STEELS FOR 
FORGINGS 
AND DROP 
STAMPINGS 


MILD, CARBON 
AND ALLOY 
STEEL BARS 








THE PARK GATE IRON & STEEL COMPANY LIMITED ROTHERHAM 
A af Con } TELEPHONE: ROTHERHAM 2 5 . . ATE - 


TELEGRAM YORKSHURE PARK ATE YORK E x $14 









it’s his 


future.. 





...in all ways. Today, hovercraft and satellites—what of tomorrow? 
He will grow up with Mr. Therm, for each advance made by 
Engineers and Technologists will be helped by the unceasing 
research of the Gas Industry into gas utilisation. Through the 


twelve Area Gas Boards, the Gas Industry offers an unrivalled 


free technical advisory service on fuel te the many industries 


and trades which it serves. 
Write or ‘phone your problem to your Gas Board NOW 


ISSUED BY THE GAS COUNCIL 











